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SECTION  I 

SPECTROPHONE  STUDIES 


One  of  the  most  important  problems  in  experimental  linear  absorption 
spectroscopy  is  to  measure  the  temperature  dependence  of  absorption  coef- 
ficients, especially  the  water  vapor  continuum  where  theoretical  un- 
certainty exists. 

The  stainless  steel  spectrophone  has  been  employed  for  the  first  time 
to  make  10  um  water  vapor  and  CO2  absorption  coefficient  measurements  as 
a function  of  temperature.  Preliminary  results  indicate  that  the  in- 
strument will  be  capable  of  producing  accurate  and  repeatable  tempera- 
ture data  as  soon  as  a few  minor  problems  are  resolved.  At  this  time, 
calibration  of  the  spectrophone  is  the  only  serious  unresolved  problem. 

The  other  difficulties,  which  will  be  described  below,  have  been  elimi- 
nated or  are  in  the  process  of  being  corrected. 

The  first  major  problem  encountered  with  the  spectrophone  was  an 
unacceptable  level  of  noise  in  the  output  of  the  BARATRON  (M.K.S.  trade- 
mark) pressure  transducer.  This  instrument  was  returned  to  the  factory 
for  testing  and  repair  after  our  initial  efforts  to  correct  this  problem 
were  unsuccessful.  After  several  months  of  testing  the  manufacturer  has 
agreed  to  replace  the  complete  unit  with  one  not  having  this  problem. 
Apparently  the  noise  was  caused  by  an  interaction  between  the  pressure 
head  bridge  - preamplifier  circuits  and  the  output  electronics  which 
could  not  be  traced  to  a single  source. 

In  order  to  continue  making  measurements  (while  the  BARATRON  was 
serviced)  a BAROCEL  (Datametrics  trademark)  electronic  manometer  originally 
used  on  the  aluminum  spectrophone  was  connected  to  the  s.s.  spectrophone. 
This  did  not  result  in  an  optimum  system  since  the  spectrophone  and  the 
spacing  and  length  of  certain  tubing  had  been  designed  for  the  particular 
model  of  BARATRON.  Nevertheless,  we  were  able  to  perform  a number  of 
measurements  and  tests  on  the  spectrophone  during  this  time.  These  tests 
have  indicated  that  the  background  window  signal  caused  by  absorption 
and/or  scattering  of  the  laser  radiation  was  greatest  in  the  long  cell  of 
the  differential  spectrophone.  By  switching  the  end  windows  (from  the 
long  to  the  short  chamber  and  vice  versa)  it  was  demonstrated  that  the 
window  originally  on  the  long  cell  was  in  some  way  inferior  and  re- 
sponsible for  a higher  background  signal.  This  problem  is  currently 
being  studied. 

Modifications  to  the  spectrophone  laboratory  have  also  been  made  to 
reduce  mechanical  sources  of  noise.  The  optical  table  has  been  mounted 
on  a vibration  isolation  mount  to  prevent  vibration  in  the  floor  from 
being  transmitted  to  the  experimental  apparatus  on  the  table.  Also, 
all  the  mechanical  vacuum  pumps  have  been  removed  from  the  laboratory. 


This  required  the  installation  of  three  2"  vuCuuir  lines  from  spectro- 
phone  lab  to  the  back  of  the  main  laboratory,  where  the  pumps  are  now 
located. 


The  first  measurements  performed  with  water  vapc”  i-'Jicated  that  two 
significant  and  undesirable  effects  were  being  observed.  The  first  effect 
caused  the  level  of  absorption  to  be  greater  than  that  which  was  expected 
and  to  increase  with  time  as  the  sample  remained  in  the  instrument.  This 
was  attributed  to  contaminants  on  the  walls  of  the  spectrophone  plumbing 
and  the  gas  handling  system.  The  problem  was  eliminated  by  re-cleaning 
all  tubing,  fittings,  valves  and  the  spectrophone  with  carbon  tetracnioride 
in  an  ultrasonic  cleaner  and  then  boiling  these  parts  in  double  distillled 
water  for  an  hour.  This  cleaning  procedure  seems  to  have  solved  the  con 
tamination  problem.  Water  vapor  samples  have  been  circulated  in  the  currerit 
spectrophone  plumbing  system  for  as  long  as  80  minutes  without  any  increase, 
in  absorption. 

The  second  problem  also  caused  the  absorption  to  be  higher  thar  ex- 
pected but  it  was  caused  by  an  entirely  different  problem.  Until  tins 
difficulty  was  resolved  the  spectrophone  data  indicated  an  anomalous  In- 
crease in  absorption  for  samples  with  relative  humidities  of  50%  or  hig’ar. 
Ultimately  this  was  traced  to  the  method  by  which  samples  were  being  in- 
troduced and  mixed.  This  improper  method  resulted  in  an  incomplete!  y 
sample  with  a significantly  higher  (than  average)  concentration  of  H2O 
near  the  ends  of  the  spectrophone.  An  example  of  this  type  of  response 
is  shown  in  Figure  1.  A proper  sample  handling  and  mixing  procedure  has 
eliminated  the  problem. 

Results  of  water  vapor  measurements  performed  on  the  10  ym  P(20)  and 
R(20)  lines  are  given  in  Figures  2 and  3 respectively.  This  data  is 
given  in  terms  of  the  raw  experimental  values  of  S/W,  i.e.,  the  ratio  of 
the  pressure  signal  divided  by  the  laser  power.  (The  approximate  level 
of  absorption  can  be  obtained  by  multiplying  this  ratio  by  the  cali- 
bration constant  0.25  [km-V(S/W)  ]) . A reliable  and  accurate  calibration 
of  the  spectrophone  has  not  yet  been  determined  so  that  we  have  supplied 
only  the  raw  data.  The  next  step  to  be  completed  will  be  determining 
an  accurate  calibration  for  the  spectrophone. 

The  data  for  the  P(20)  and  R(20)  lines  indicates  several  interesting 
aspects  of  the  temperature  dependence  of  water  vapor  absorption.  One  sig- 
nificant fact  is  that  absorption  at  the  P(20)  line  shows  a negative  tem- 
perature coefficient  while  that  for  the  R(20)  line  is  positive.  This 
difference  which  was  expected  can  be  explained  by  the  fact  that  the  P(20) 
line  is  removed  from  any  local  lines  while  the  R(20)  line  is  located 
within  the  half  width  of  a strong  local  water  vapor  line.  This  data 
also  indicates  that  the  effects  of  temperature  on  water  vapor  absorption 
are  quite  significant  and  can  be  easily  observed  with  small  changes  in 
the  spectrophone  temperature. 
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COMPARISON  OF  IMPROPERLY  MIXED 
WATER  VAPOR  SAMPLE  MEASUREMENTS 
TO  THE  "CORRECT"  DATA  FOR 
THE  P(20)  LINE  , 944.19  cm~  ' 


Figure  1.  An  illustration  of  the  problems  caused  by  incomplete 
sample  mixing  in  the  spectrophone. 
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Figure  2.  Spectrophone  measurements  of  relative  absorption  coeffi- 
cient for  water  vapor  at  944.194  cm-1  for  three 
temperatures. 
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Calibration  of  the  spectrophone  requires  that  accurate  White  cell 
data  be  obtained  at  a known  temperature,  Tq.  Previous  White  cell 
measurements  were  performed  without  adequate  documentation  of  the 
temperature.  Once  this  White  cell  data  has  been  determined  the 
spectrophone  can  be  calibrated  by  performing  a spectrophone  measure- 
ment on  an  identical  sample  of  gas  at  this  same  temperature,  Tq. 
Compensation  for  the  effects  of  temperature  on  instrument  response 
appears  at  this  stage  to  be  a rather  simple  process.  From  the  theory 
of  spectrophones  it  is  known  that  the  instrument  response,  S (the 
pressure  signal)  is  related  to  the  absorption  coefficient,  a of  the  sample 
gas  by  the  expression 


where 


W = laser  power 
T = absolute  temperature 
Cq  = a constant  factor. 

Assuming  from  White  cell  results  that  a = oq  is  known  for  a given  sample 
concentration  at  a temperature  Tq  we  then  measure  (S/W)  to  obtain  a cali- 
bration constant,  i.e., 

(S/W)°  = = 0 a°,  where  9 = ^ . (2) 

0 0 


Hence,  Qq  can  be  determined  and  is  the  calibration  constant.  When  per- 
forming measurements  at  any  other  temperature, 


(S/W)^ 


(3) 


So  that  the  absorption  coefficient,  for  a sample  at  temperature  T]  can  be 
determined  from  the  calibration  coefficient  measured  at  temperature  Tq  by 
simply  scaling  the  results  by  the  ratio  of  the  two  temperatures,  i.e.. 


a ' 


_ (S/W)^ 
0 


(4) 


Note  that  this  correction  has  not  been  applied  to  the  data  of  Figures  2 
and  3.  This  is  intended  to  be  part  of  the  data  reduction  when  a better 
value  for  Qq  is  determined. 

An  analysis  of  the  spectrophone  temperature  data  has  not  been 
completed  and  will  not  be  seriously  undertaken  until  the  recalibration 
of  the  instrument  is  completed.  The  reasonableness  of  the  relative  data 
can  be  confirmed  by  comparing  with  AF6L  line  listing  calculations  for 
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4 case  where  the  fundamental  processes  are  mere  or  less  known,  vis-a-vis 
the  water  continuum  for  example. 

Figure  4 shows  measurements  of  the  relative  absorption  of  carbon 
dioxide,  broadened  with  nitrogen  to  760  Torr,  at  the  b/14  194  cm"1  P(20) 
laser  line  for  three  temperatures.  The  absolute  value  of  the  experi- 
mental data  Is  not  known  but  a percentage  change  can  be  calculated  and 
compared  with  theoretical  prediction.  Wher  the  S/W  values  are  corrected 
hy  T/To  the  average  change  per  deg  C is  2.44  percent  compared  to  2.1  per- 
cent computed  from  the  line  data  tape. 

Figure  5 shows  similar  carbon  dioxide  absorption  data  for  the  R(20) 
laser  line  at  975.931  cm-1.  Here  the  average  change  is  2.33  percent  per 
degree  compared  to  a calculated  value  of  2.1  percent. 

Figure  2 gives  measurements  of  absorption  by  -ater  vapor,  broadened 
to  760  Torr  by  nitrogen,  at  the  944.194  cm-1  P(20''  laser  line  for  three 
temperatures.  For  this  case  it  is  necessary  to  i’  ;lude  a continuum  con- 
tribution to  the  calculated  coefficient.  The  method  used  for  this  is 
described  in  connection  with  another  topic  in  Chapter  IV  of  this  report, 
see  Equation  (7).  Since  the  absorption  is  non-linear,  a comparison  at 
two  partial  pressures  of  water  vapor  is  made.  When  the  17  C and  27  C 
data  are  used,  the  10  Torr  case  yields  a measured  coefficient  of  2.6  per- 
cent per  deg  C compared  to  a calculated  value  of  2.1  percent,  whereas 
for  14.3  torr  the  experimental  value  is  1.3  percent  compared  to  a cal- 
culated 1.4  percent.  A comparison  at  5 Torr  was  also  made  with  less 
satisfactory  results  but  the  experimenter  feels  that  the  experimental 
error  may  be  higher  for  that  case. 

An  attempt  was  also  made  to  analyze  the  R(20)  water  vapor  data  of 
Figure  3.  For  this  case  the  absorption  is  dominated  by  a single  close 
water  line  and  the  computed  change  with  temperature  will  depend  on  the 
frequency  of  the  laser  line  with  respect  to  the  water  line  in  the  AFGL 
listing.  A previous  experiment  using  a White  cell  which  measured  ab- 
sorption vs  total  pressure  determined  a separation  of  0.025  cm-1  between 
laser  and  water  line.  If  this  is  incorporated  into  the  calculation  by 
using  an  appropriate  "laser  frequency",  the  calculation  at  14.3  Torr 
gives  1.8  percent  per  deg  C compared  to  a measurement  of  2.4  percent 
per  deg  C. 

The  above  should  be  classed  as  preliminary  comnents.  When  more 
data  is  available  a more  complete  analysis  will  be  possible.  However 
it  has  been  shown  that  a spectrophone  can  be  used  to  collect  precision 
data  on  temperature  effects.  The  technique  holds  much  promise  for  the 
future. 

Future  work  will  include  efforts  to  study  the  temperature  dependence 
of  water  vapor  and  CO2  absorption  for  a significant  number  of  CO2  lines 
in  the  9 and  10  pm  bands.  Efforts  will  be  made  to  connect  these  results 
with  existing  theories  for  the  temperature  dependence  of  H2O  and  CO2 
absorption.  It  is  also  expected  that  a wider  range  in  temperatures  than 
that  demonstrated  here  will  be  employed  in  this  study. 
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SECTION  II 

WHITE  CELL  CONSTRUCTION 

The  design  philosophy  of  the  new  multi-pass  absorption  cell  was 
documented  in  a previous  report  [1].  Briefly,  the  vacuum  chamber  is 
40  feet  long  and  24  inches  in  diameter.  Mirror  spacing  is  10.785 
meters  (35.4  feet)  with  multi-pass  capability  to  at  least  one  km.  The 
system  is  stainless  steel,  and  can  be  temperature  controlled  between 
-60  C and  +60  C.  Photographs  of  the  vacuum  chamber  and  the  optical 
mounts  were  shown  in  a subsequent  report  [2]. 

The  temperature  control  system  and  connections  to  the  cell  have 
been  completed  and  testing  has  begun,  although  full  temperature  testing 
must  await  installation  of  the  insulating  jacket. 

The  diffusion  pump  and  its  manifold  have  been  constructed  and 
installed.  The  main  mechanical  roughing  pump  had  failed  in  other 
service,  and  is  being  repaired.  With  a smaller  roughing  pump,  vacuum 
integrity  of  the  chamber  (without  optics)  was  tested,  and  a vacuum  of 
5 X 10*6  Torr  achieved  after  repairing  several  minor  leaks.  This  is 
about  the  level  expected  if  oil  contamination  is  present,  which  could 
take  months  of  outgassing  to  eliminate.  Since  the  cell  has  not  been 
cleaned,  it  was  shut  down,  the  interior  welds  were  smoothed  further 
and  the  cell  and  pumps  cleaned  with  detergent  and  then  alcohol.  It 
is  currently  ready  to  reassemble  and  test. 

The  main  optics  mounts  have  been  assembled  and  tested  with  their 
stepper  motor  drives,  and  appear  to  operate  as  expected.  The  stepper 
drives  and  associated  housings  have  been  vacuum  checked.  The  entrance 
and  exit  periscopes  and  the  path  doubling  roof  mirror  mounts  are  under 
construction.  This  last  phase  had  been  delayed  until  the  optics  of 
the  Fourier  transform  spectrometer  were  established  to  assure  full 
compatibility.  Entrance  and  exit  optics  to  match  the  cell  to  the  FTS 
and  detector  have  been  designed. 

Auxiliary  systems  such  as  sample  handling,  gauging,  and  related 
equipment  is  in  various  stages  of  construction  or  test.  A distribution 
manifold  which  will  introduce  the  nitrogen  or  air  broadening  gas  into 
the  cell  at  42  different  points  simultaneously  has  been  constructed, 
and  should  alleviate  mixing  problems  commonly  associated  with  large 
cells. 

In  the  near  future  we  will:  (1)  vacuum  check  the  cleaned  system, 
(2)  install  insulation,  and  (3)  install  the  optics  and  conduct  a full 
system  checkout. 
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SECTION  III 

CO  LASER  TRANSMITTANCE  - CALCULATION  AND  MEASUREMENT 


A.  Introduction 

This  section  presents  calculations  and  experimental  measurements 
(water  vapor  only)  of  atmospheric  transmittance  for  CO  laser  frequencies. 


B.  Calculations 

Previous  publications  [3,4]  dealing  with  CO  laser  transmittances 
based  on  the  AFGL  data  tape  are  inadequate  or  in  need  of  updating. 

The  calculations  given  here  have  the  following  features: 

a.  The  latest  AFGL  tape  (September  1976)  is  used. 

b.  CO  laser  frequencies  of  improved  accuracy  are  used  [5]. 

c.  The  absorption  coefficient  is  listed  for  each  absorbing 
species  separately  which  some  codes  require. 

d.  A super-Lorentz  line  shape  is  used  for  water  vapor. 

e.  A Voigt  profile  is  used  for  lower  pressures. 

The  basic  calculation  technique  has  been  described  previously  [6].  It 
has  been  shown  [7]  that  a super-Lorentz  line  shape  for  water  vapor 
improves  the  agreement  at  sea  level  between  experiment  and  prediction. 
With  respect  to  the  ozone  coefficients  it  should  be  noted  that  some 
combination  bands  of  ozone  in  this  spectral  region  are  not  included  in 
the  AFGL  listing.  Another  part  of  this  program  (see  Chapter  V)  involves 
the  collection  of  new  spectra  of  ozone  in  this  region.  Results  thus 
far  obtained  are  not  complete  enough  to  impact  these  calculations, 
however. 

Calculations  have  been  performed  for  the  P(15)  to  P(l)  line  of 
the  8-7  to  3-2  CO  bands.  The  AFGL  mid-latitude  summer  model  has 
been  used  throughout.  Program  parameters  such  as  broadening  coeffi- 
cients etc.  are  the  same  as  in  previous  OSU  reports  [6].  The  ab- 
sorption coefficients  given  in  Figures  6 to  29  are  in  km-1  for  the 
altitudes  shown  from  0 to  50  km. 

C.  Experimental  Measurements  in  Water  Vapor 

Experimental  measurements  of  water  vapor  transmittance  have  been 
performed  using  N2  buffer  gas  at  760  Torr  total  pressure  and  a tem- 
perature near  23  C.  A cw  CO  laser  source  was  used  with  a multipass 
cell  having  lengths  of  up  to  1.1  km. 
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The  data  are  in  two  groups: 


a.  A group  of  measurements  for  11  CO  lines  which  is  a re- 
interpretation of  previous  data  measured  at  OSD  [7] 

in  1973. 

b.  Data  for  4 CO  lines  which  was  obtained  during  the  present 
period.  Two  of  these  lines  are  duplicates  of  the  1973 
measurements  permitting  a comparison  of  experiments; 

the  absorption  cell  is  the  same  but  the  laser  and  all 
other  components  are  different.  The  remaining  lines 
are  in  the  4-3  band  which  could  not  be  studied  with 
the  laser  used  in  1973. 

With  respect  to  the  first  group,  the  data  is  republished  here 
with  a straight  line  fit  instead  of  the  quadratic  fit  used  previously. 

The  scatter  in  the  experimental  data  is  such  that,  especially  for  the 
most  highly  transmitting  lines,  the  second  order  term  is  not  meaning- 
ful. For  some  cases  such  as  the  6-5  P(14)  line  (see  below)  the  non- 
linear behavior  has  been  confirmed,  however. 

With  the  availability  of  a new  liquid  nitrogen  cooled  CO  laser 
which  has  output  on  lines  of  the  2-1,  3-2  and  4-3  bands  which  were  not 
available  from  the  laser  used  in  1973,  a new  series  of  water  vapor 
absorption  measurements  was  planned.  The  results  of  the  first  four 
lines  studied  are  presented  here  in  Figures  33a-d. 

Figure  33a  shows  the  6-5  P(14)  line  which  is  also  given  in  Figure 
31 d and  in  Reference  7.  The  laser  line  is  very  near  a local  water 
line  which  accounts  for  the  negative  curvature.  Improved  techniques 
have  reduced  the  data  scatter  over  the  earlier  measurement.  These  in- 
clude the  use  of  a visible  laser  (argon)  to  continuously  monitor  the 
White  cell  alignment  and  correction  of  alignment  when  required,  and 
mechanical  modifications  which  have  reduced  vibrations  of  the  cell 
caused  by  vacuum  pumps  and  mixing  fans.  In  general  the  greatest  dif- 
ficulty has  been  long  term  drift  caused  by  optical  alignment  problems. 

We  hope  that  the  new  cell,  see  Section  II  will  be  much  better  in  this 
respect. 

Figure  33b  shows  the  5-4  P(15)  line  which  is  also  a repeat  of  a line 
studied  earlier.  This  was  the  highest  transmittance  line  in  the  1973 
study.  Good  agreement  has  been  obtained  with  the  1973  results.  Because 
of  the  improved  techniques  noted  above  and  the  longer  path  length  used 
in  the  current  study  the  present  results  are  considered  to  be  more  accurate. 

Figure  33c  and  33d  show  data  for  new  lines,  4-3  P(13)  and  4-3 
P(10).  In  both  cases  the  data  scatter  is  quite  small.  These  lines 
transmit  as  well  as  the  best  line  of  the  earlier  study,  i.e.,  5-4  P(15). 
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In  the  next  quarter  these  measurements  will  be  extended  to  cover 
all  of  the  4-3  and  3-2  band  lines  obtainable  from  our  laser,  see 
Reference  2 page  41.  We  are  also  coordinating  our  program  with  the 
outdoor  measurements  by  NRL  at  Cape  Canaveral  so  that  a laboratory-  ^ 

outdoor  comparison  can  be  made.  1 
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Figure  ) 

5.  Calculated  CO  laser  absorption  coefficients  for  tf 

mid-latitude  suwner  model. 
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Figure  6.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  suimer  model. 
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Figure  7.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 


16 


1 


DATE  01/04/77 


LASCH  LINE 

1925.7112 

H 7 

H 

MODEL:  MlDLATlTUOr  SlMMV H 

NALKA"  3. 

OOO.  LTA*-  1 . 

770 

M.T. 

1120  0 

CO  2 0 

0 J 

1 

0 

total 

0.0 

5.4  6 9r  « 

1 . 360E  - 3 

0 , 0001. 

0 

0 . 0 0 0 i 

0 

5 . 4 70E  0 

1.0 

3.22UI:  0 

1.1151;  - ) 

0 . 0 0 0 1: 

0 

0 . OOOE 

0 

3.222E  0 

2.0 

1.804E  0 

9.162E  -4 

0 . 0 0 0 E 

0 

O.OOOE 

0 

1 . 8 0 4 i:  0 

3.0 

H.831E  -1 

7 . 509E  -4 

0 . ooor 

0 

a . ooo:: 

0 

8 . K39L  -1 

4 . 0 

4.460E  -1 

b.l45E  -4 

0 . oooe 

0 

0 . OOOE 

0 

4 .4bbE  -1 

5.0 

2.054E  -1 

5 . 0 0 5 f -A 

0 . OOOE 

0 

O.OOOE 

0 

2 . 059E  -1 

b.O 

1.094E  -1 

4.051E  -4 

0 .OOOE 

0 

0 . oooi: 

0 

1 , 098E  -1 

7.0 

5.760E  -2 

3.249E  -4 

0 . OOOE 

0 

0 . oooi; 

0 

5.  792E  -2 

B.O 

2.809K  -2 

2 . 6 2 1 E - 4 

0 . OOOE 

n 

O.OOOE 

0 

2.835E  -2 

9.0 

1 . 382E  -2 

2.091F  -4 

0 . 0 0 0 1: 

0 

0 . 0 0 0 1: 

0 

1 . 40  3E  -2 

10.0 

6. 256E  -3 

1 .6  70E  -4 

0.  OOOE 

0 

0 . ooor 

0 

b.423E  -3 

11.0 

1.H29E  -3 

1 . 318C  -4 

0 .ooor 

0 

0 .OOOE 

0 

1 . 9 b 1 r.  - 3 

12.0 

4.  1 72F  -4 

1.0411:  -4 

0 . OOOE 

0 

0 .OOOE 

0 

5.213E  *4 

13.0 

1.048E  -4 

8 .ORHE  -5 

0 .OOOE 

0 

O.OOOE 

0 

1 . 857E  -4 

14.0 

5.161E  -5 

5.910E  -5 

0 . OOOE 

0 

O.OOOE 

0 

1 .107E  -4 

15.0 

3.4  37e  -5 

4.268E  -5 

0 . 0 0 0 E 

0 

0 .OOOE 

0 

7 , 704E  -5 

16.0 

2.562r.  -5 

3.112E  -5 

0 .OOOE 

0 

0 .OOOE 

0 

5.673E  -5 

17.0 

1.988E  -5 

2 . 279E  -5 

0 .OOOE 

0 

0 , OOOE 

0 

4 . 267E  -5 

18. 0 

1.572E  -5 

1 . 666E  -5 

0 .OOOE 

0 

0 . OOOE 

0 

3.239E  -5 

19.0 

1 . 380E  -5 

1 . 209E  -5 

0 . OOOE 

0 

0 .OOOE 

0 

2.589E  -5 

20.0 

1. 1 36E  -5 

8 . 7 76E  -6 

0 . 0 0 0 E 

0 

0 .OOOE 

0 

2 . 01 3E  -5 

21.0 

1 . 154E  -5 

6 . 386C  -6 

0 .OOOE 

0 

0 .OOOE 

0 

1 . 792E  -5 

22.0 

1.034E  -5 

4 .645E  -6 

0 .OOOE 

0 

0 . OOOE 

0 

1 .499E  -5 

2 3.0 

9.9  37E  -6 

3 . 374E  -6 

0 .OOOE 

0 

0 . OOOE 

0 

1 . 331E  -5 

24.0 

9.889E  -6 

2 .452E  -6 

0 . OOOE 

0 

0 .OOOE 

0 

1 . 234E  -5 

25.0 

9.9  23E  -6 

1 . 797E  -6 

0 .OOOE 

0 

0 . OOOE 

0 

1 .172E  -5 

30.0 

3.  282E  -6 

3.732E  -7 

O.OOOE 

0 

0 . OOOE 

0 

3.655E  -6 

35.0 

6.  3 33E  - 7 

8 . 31 3E  -8 

0 .OOOE 

0 

0 .oooe 

0 

7.164E  -7 

40.0 

1.608E  -7 

1 .967E  -8 

O.OOOE 

0 

0 .OOOE 

0 

1 . 805E  - 7 

45.0 

4.661E  >8 

5 . 0 7 1 E - 9 

0 .OOOE 

0 

0 .OOOE 

0 

S.lbBE  -8 

50. 0 

9.9  24E  -9 

1 . 4 28E  - 9 

O.OOOE 

0 

0 .OOOE 

0 

1.135E  -8 

DATE  03/04/77 

LASER  LINE 

1929.5858 

fl  7 

B 

MODEL:  MIDLATITUUE  SUMMER 

NALFA*  3. 

000,  ETA=  1. 

770 

ALT  , 

H20  0 

C02  0 

03 

0 

CO 

0 

TOTAL 

0.0 

2.012E  0 

1 .632E  -3 

0 .OOOE 

0 

0 .OOOE 

0 

2.014E  0 

1.0 

1.188E  0 

1.355E  -3 

0 .OOOE 

0 

0 .OOOE 

0 

1.190E  0 

2.0 

6.657E  -1 

1.128E  -3 

0 . OOOE 

0 

0 .OOOE 

0 

b.bblE  -1 

3.0 

3. 254E  -1 

9.381E  -4 

0 .OOOE 

0 

0 .OOOE 

0 

3. 263E  -1 

4 .0 

1.639E  -1 

7.782E  -4 

0 . OOOE 

0 

O.OOOE 

0 

1 . 647E  -1 

5.0 

7.5  25E  -2 

6.420E  -4 

0 .OOOE 

0 

0 .OOOE 

0 

7 . 590E  -2 

6.0 

3.995E  '2 

5. 260E  -4 

0 .OOOE 

0 

0 .OOOE 

0 

4.047E  -2 

7.0 

2.097E  -2 

4 . 269E  -4 

0.  OOOE 

0 

0 .OOOE 

0 

2.140E  -2 

8 . 0 

1.018E  *2 

3 .4  87E  -4 

0 .OOOE 

0 

0 .OOOE 

0 

1 .053E  -2 

9.0 

4.996E  -3 

2.810E  -4 

0 .oooe 

0 

0 . OOOE 

0 

5 . 277E  -3 

10.0 

2.  256E  - 3 

2.270E  -4 

0 . OOOE 

0 

0 .OOOE 

0 

2.4  83E  - 3 

11.0 

6.586E  *4 

1.807E  -4 

0 . OOOE 

0 

0 .OOOE 

0 

8 . 393E  -4 

12.0 

1.501E  -4 

1.441E  -4 

0.  OOOE 

0 

0 .OOOE 

0 

2.942E  -4 

13.0 

3.77SE  -5 

1 .1 29E  -4 

0 .OOOE 

0 

O.OOOE 

0 

1 .506E  -4 

14.0 

1.859E  -5 

8 . 254E  -5 

0 .OOOE 

0 

0 . OOOE 

0 

1 . OllE  -4 

15.0 

1 . 247e  -5 

5.964E  -5 

0 .OOOE 

0 

0 .OOOE 

0 

7 . 211E  -5 

16.0 

9.  299E  -6 

4 . 351E  -5 

0 .OOOE 

0 

0 .OOOE 

0 

5 . 281E  -5 

17.0 

7.  21  0E  -6 

3.1H8E  -5 

0 .OOOE 

0 

0 .OOOE 

0 

3.910E  -5 

18.0 

5. 711E  -6 

2.330E  -5 

0 .OOOE 

0 

0 .OOOE 

0 

2 . 901E  -5 

19 . 0 

5.014E  -6 

1.689E  -5 

O.OOOE 

0 

0. OOOE 

0 

2 . 1 90C  -5 

20.0 

4.125E  -6 

1 . 225E  -5 

0 .OOOE 

0 

0 . OOOE 

0 

1 .6  3 7E  -5 

21.0 

4.  192E  -6 

0.9O2E  -6 

O.OOOE 

0 

O.OOOE 

0 

1 . 309E  -5 

22.0 

3.  7 57E  -6 

6.467E  -6 

0 .OOOE 

0 

O.OOOE 

0 

1 . 022E  -5 

23.0 

3. 610E  -6 

4 . 6 87e  - b 

O.OOOE 

0 

O.OOOE 

0 

8 . 297E  -b 

24  . 0 

3.5  92E  -6 

3.401E  -6 

0 .OOOE 

0 

0 . OOOE 

0 

b.993E  -b 

25.0 

3.604E  -6 

2.491E  -6 

O.OOOE 

0 

0 . 0 0 0 r 

0 

b . 095E  -♦* 

30.0 

1. 194E  -6 

5 . 1 05E  - 7 

0 . OOOE 

0 

0 . OOOE 

0 

1 , 7 0 4 t:  - 6 

35.  0 

2. 315E  - 7 

1 . 1 19E  - 7 

O.OOOE 

0 

0 .OOOE 

0 

3 . 4 3 3E  - 7 

40.0 

5.947F  -8 

2 . 5 H 7 r.  - 8 

O.OOOE 

0 

0 . OOOE 

0 

H . 5 3 4 E - 8 

45.0 

1. 750E  -8 

6 . 50  7E  - 9 

O.OOOE 

0 

O.OOOE 

0 

2 . 4 OOL  - H 

50.0 

3.  7 44E  -9 

1 . R ObF  - 9 

0 .OOOE 

0 

0 . OOOF. 

0 

5 . 5 M E - 9 

Figure  7.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  8.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  8 

. Calculated  CO  laser  absorption 
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Figure 

9.  Calculated  CO  laser 

absorption  coefficients  for 
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mid-latitude  summer  model. 
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Figure  9.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  10.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  10.  Calculated  CO  laser  absorption  coefficients  for  the 
liitd-latitude  summer  model. 
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Figure  11,  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  11.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  12.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  12.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  13.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  13.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  suimer  model. 
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Figure  14.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  14.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  15.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  15.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  sunnier  model. 
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DATE  03/04/77 
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MODEL:  MIDLATITUDE  SUMMER 

NALFA*  3 

.000. 
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ALT. 

H20  0 

C02  0 

03 
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Figure  16.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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DATE  03/04/77 


LASER  LINE 

1992.8494 

6 5 

5 

MODEL:  MIDLATITUDE  SUMMER 

NALFA-  3. 

0 00.  ETA*  1 . 

770 

ALT  . 

H20  0 

C02  0 

03 

0 

CO  0 

TOTAL 

0 . 0 

3.967E  1 

8 . 26  7E  -5 

0 . OOOE 

0 

2 . 259E  - 7 

3.967E  1 

1 . 0 

2. 308e  1 

6.599E  -5 

0 . OOOE 

0 

1.648E  -7 

2.308E  1 

3.0 

1.266E  1 

5.13SE  -5 

0 . OOOE 

0 

1 .171E  -7 

: . 266E  1 

3.0 

6.040E  0 

3.871E  -5 

0 .OOOE 

0 

8.056E  -8 

b.040E  0 

4 . 0 

2.969E  0 

2 . 88  2E  -5 

0 .OOOE 

0 

5.514E  -8 

2.969E  0 

5.0 

1.330E  0 

2.113E  -5 

0 .OOOE 

0 

3.743E  -8 

1.330E  0 

6.0 

6. 8 77e  -1 

1 .523E  -5 

0 . OOOE 

0 

2 .515E  -8 

6 . 8 77E  -1 

7.0 

3.514E  -1 

1 . 077e  -5 

0 .OOOE 

0 

1.668E  -8 

3.514E  -1 

8.0 

1.652E  -1 

7.380E  -6 

0 . OOOE 

0 

1.072E  -8 

1 .652E  -1 

9.0 

7. 862E  -2 

5 . 069E  -6 

0 . OOOE 

0 

6.999E  -9 

7 . 862E  -2 

10.0 

3. 420E  -2 

3 . 349E  -6 

0 .OOOE 

0 

4 . 398E  -9 

3.420E  -2 

11.0 

9.648E  -3 

2.222E  -6 

0 .OOOE 

0 

2 . 80  7E  -9 

9 . 650E  -3 

12.0 

2.  107e  -3 

1 .410E  -6 

0 . OOOE 

0 

1 . 716E  -9 

2,109E  -3 

13.0 

5. 094E  -4 

8 . 973E  - 7 

0 .OOOE 

0 

1 .06  3E  -9 

5.103E  -4 

14.0 

2.  4 03E  -4 

6.585E  -7 

0.  OOOE 

0 

7 . 763E-10 

2 .410E  -4 

15.0 

1.  346E  -4 

4.770E  -7 

0 . OOOE 

0 

5.604E-10 

1 . 351E  -4 

16.0 

9.831E  -5 

3.4  86E  -7 

0 .OOOE 

0 

4 . 086E-10 

9.866E  -5 

17.0 

7.  4 77E  -5 

2.559E  -7 

0 . OOOE 

0 

2 . 993E-10 

7.503E  -5 

18.0 

lOOE  -5 

1 . 8 72E  -7 

0 .OOOE 

0 

2.187E-10 

5.819E  -5 

19 . 0 

'26e  -5 

1.408E  -7 

0 .OOOE 

0 

1.648E-10 

5. 040E  -5 

20.0 

j82E  -5 

1 .059E  - 7 

0 . OOOE 

0 

1 . 24  3E-10 

4 . 093E  -5 

21.0 

097e  -5 

7. 975E  -8 

0 . OOOE 

0 

9. 393E-11 

4 . 105E  -5 

32.0 

3.629E  -5 

6 . 002E  >8 

0 .OOOE 

0 

7.093E-11 

3 . 635E  -5 

23.0 

3.467E  -5 

4 .663E  -6 

0 . OOOE 

0 

5 . 552E-11 

3.472E  -5 

24.0 

3.411E  -5 

3.502E  -8 

0 . OOOE 

0 

4 .186E-11 

3 .415E  -5 

25.0 

3.  38  7E  -5 

2.654E  -8 

0 .OOOE 

0 

3.184E-11 

3 . 390E  -5 

30.0 

1.096E  -5 

7.518E  -9 

0 . OOOE 

0 

9.454E-12 

1 . 097E  -5 

35.0 
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2 . 281E  -9 

0 . OOOE 

0 
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DATE  03/04/77 

*7  - 

LASER  LINE 

1996.6579 

6 5 

4 

MODEL:  MIDLATITUDE  SUMMER 

NALFA*  3. 

.000,  ETA=  i. 

7 70 

ALT. 

H20  0 

C02  0 

03 

0 

CO  0 

TOTAL 

0 . 0 

1.368E  0 

1 .126E  >4 

0 .OOOE 

0 

2.589E  -7 

1.368E  0 

1.0 

7.  954E  -1 

9,850E  -5 

O.OOOE 

0 

1 .934E  -7 

7.955E  -1 

2 .0 

4. 371E  -1 

8.482E  -5 

0 .OOOE 

0 

1 .417e  -7 

4 . 37  2E  -1 

3.0 

2.091E  -1 

7.170E  -5 

0 .OOOE 

0 

1 .OllE  -7 

2.091E  -1 

4 .0 

1.032E  -1 

6.033E  -5 

0 . OOOE 

0 

7. 182E  -8 

1 . 033E  -1 

5 . 0 

4.653E  -2 

5,037E  -5 

0 .OOOE 

0 

5 . 059E  -8 

4.b58E  -2 

6.0 

2.429E  -2 

4.I62E  -5 

0 . OOOE 

0 

3.528E  -a 

2 . 4 33E  -2 

7.0 

1. 257e  -2 

3 . 391E  -5 

0 . OOOE 

0 

2.428E  -8 

1 . 260E  -2 

8.0 

6,017e  -3 

2 . 701E  -5 

0 .OOOE 

0 

1 .628e  -8 

6 . 044E  >3 

9.0 

2.919E  -3 

2.140E  -5 

0 . OOOE 

0 

1 .lOlE  -8 

2 . 940E  -3 

10.0 

1. 303E  -3 

1.647E  -5 

0 .OOOE 

0 

7.197E  -9 

1 . 319E  - 3 

11.0 

3.769E  -4 

1 . 256E  -5 

O.OOOE 

0 

4 . 74  7e  -9 

3 . 894E  -4 

12.0 

8.504E  -5 

9.259E  -6 

0 . OOOE 

0 

3.010E  -9 

9.430E  -5 

13.0 

2. 1 20E  -5 

6 . 74  7E  -6 

0 . OOOE 

0 

1 . 921E  -9 

2 . 795E  -5 

14.0 

1.044E  -5 

5.169E  -6 

0 . OOOE 

0 

1 .404E  -9 

1 . 561E  -5 

15.0 

6.996E  -6 

3.875E  -6 

0 . OOOE 

0 

1 . 01 3E  -9 

1 . 087E  -5 

16.0 

5.199E  -6 

2.904E  -6 

0 . OOOE 

0 

7 . 38  7E-10 

8 , 104E  -6 

17.0 

4.033E  -6 

2.171E  -6 

0 . OOOE 

0 

5.411E-10 

6 , 205E  -6 

18.0 

3.189E  -6 

1 . 61 7E  -6 

O.OOOE 

0 

3 . 953E-10 

4 . 80  7E  -6 

19.0 

2.8  02E  -6 

1 . 211E  -6 

0 . OOOE 

0 

2.965E-10 

4 . 01 3E  -6 

30.0 

2.  307e  -6 

9.042E  -7 

0 . OOOE 

0 

2. 225E-10 

3.211E  -6 

21.0 

2.  346E  -6 

6 . 752E  - 7 

0 . OOOE 

0 

1 .673E-10 

3.021E  -6 

32.0 

3.I04E  -6 

5 . 029E  - 7 

O.OOOE 

0 

1 . 25  7E-10 

2 . 60  7E  -6 

33.0 

2.025E  -6 

3 . 809E  - 7 

O.OOOE 

0 

9 . 742E-11 

2 .406E  >6 

34 . 0 

2.017E  -6 

2.B27E  -7 

0 . OOOE 

0 

7 . 30  8E-li 

2.300E  -6 

25 . 0 

3.026E  -6 

2.116E  -7 

O.OOOE 

0 
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2 . 237E  - b 

30.0 

6.771E  -7 
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0 . OOOE 

0 
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35.0 

1 . 324E  -7 

1.408E  -8 

0 .OOOE 

0 
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1 , 4 65E  - 7 

40.0 
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0 . OOOE 

0 
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45.0 
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0 .OOOE 

0 
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Figure  16.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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DATE  03/04/17 

LASER  LINE  2000.4320  453 

MODEL:  MlDLATtTUDE  SUMMER 


NALPA* 

3 

000.  ETA« 

1 

7 70 

ALT, 

H20 

0 

C02 

0 

03 

0 

CO  0 

TOTAL 

0.0 

9. 414E 

-1 

3, 329E 

-5 

0 . OOOE 

0 

7.431E  -7 

9.414E 

-1 

l.O 

5.554E 

-1 

2 . S94E 

-5 

O.OOOE 

0 

5 . 625E  - 7 

5 . S55E 

-1 

2.0 

3. I 20E 

-1 

2.001E 

-5 

0 .OOOE 

0 

4 . 1 88E  - 7 

3 . 1 2 0 E 

-1 

3.0 

1.535E 

-1 

1 .51HE 

-5 

0 .OOOE 

0 

3 . 04bE  - 7 

1 .535E 

-1 

4.0 

7.  7 93E 

-2 

1 .146E 

-5 

0 .OOOE 

0 

2 . 204E  » 7 

7 . 794E 

-2 

S.O 

3. 613E 

-2 

8.S78E 

-6 

0 . OOOE 

0 

1 . 5 84E  - 7 

3 . fc  1 4 E 

-2 

S.  0 

1.939E 

-2 

6 355E 

-6 

0 . OOOE 

0 

1 . 1 25E  - 7 

1.940E 

-2 

7.0 

1.030E 

-2 

4 . 646E 

-6 

0 . OOOE 

0 

7 . ISRE  • 8 

1 .031E 

-2 

8.0 

5. 084E 

-3 

3 . 34  3E 

-6 

0 . OOOE 

0 

5.400E  -1 

5 .087E 

- 3 

9.0 

2.530E 

-3 

2.403E 

-6 

O.OOOE 

0 

3 . 7HE  -B 

2.533E 

-3 

10.0 

1.163E 

-3 

1.688E 

-6 

0 .OOOE 

0 

2.481E  -8 

1 . 1 65E 

- 3 

11. 0 

3. 450C 

-4 

1.185E 

-6 

0 .OOOE 

0 

1 . 665E  -• 

3.442E 

- 4 

12.0 

8. 022E 

-5 

8.088E 

- 7 

O.OOOE 

0 

1.077E  -8 

I.104E 

-5 

13.0 

2. 053E 

-5 

5 . 50$E 

-7 

0 . OOOE 

0 

6.985E  -9 

2 . 1 09E 

-5 

14.0 

9.859E 

-6 

4 . 022E 

-7 

0 .OOOE 

0 

5 .106E  -9 

1 . 02  7E 

-5 

IS.O 

6.600E 

-6 

2.904E 

- 7 

O.OOOE 

0 

3.686E  -9 

6 . 894E 

-6 

16.0 

4.915E 

-6 

2 . 11 7E 

- 7 

0 . OOOE 

0 

2 .6liE  -9 

5 . 1 29E 

-6 

17.0 

3. 810E 

-6 

1 ,552E 

- 7 

0 .OOOE 

0 

1 . 969E  -9 

3.967E 

-6 

18.0 

3.  OlOE 

-6 

1 .134E 

- 7 

0 . OOOE 

0 

1 .43tE  -9 

3.125E 

- 6 

19.0 

2.631E 

-6 

8.413E 

-8 

O.OOOE 

0 

1.076E  -9 

2 . 71 7E 

-6 

20.0 

2.156E 

-6 

6.246E 

-8 

0 .OOOE 

0 

8 . 052E-10 

2 . 219E 

-6 

21.0 

2.182E 

-6 

4.647E 

-8 

O.OOOE 

0 

6 . 038E-10 

2 . 229E 

- b 

22.0 

1. 948E 

-6 

3 .454E 

-8 

0 .OOOE 

0 

4 .525E-10 

1 .983E 

-b 

23.0 

1.858E 

2 .6  20E 

-8 

O.OOOE 

0 

3.487E-10 

1 .8ISE 

- 4 

24.0 

1.842E 

-6 

1 .945E 

-8 

0 . OOOE 

0 

2 . 608E-10 

1 . •62E 

- b 

25.0 

1.842E 

-6 

1 .4S6E 

-8 

0 .OOOE 

0 

1 . 96iE-10 

1 . 856E 

- b 

30.0 

5. 9 07e 

- 7 

3.693E 

-9 

O.OOOE 

0 

5 . 3I3E-11 

5 . 944E 

- 7 

35.0 

1 . 108E 

-7 

1.003E 

-9 

0 .OOOE 

0 

1 .583E-11 

1 .118E 

- 7 

40.0 

2.738E 

-8 

2 .918E- 

10 

O.OOOE 

0 

5.044E-12 

2 . 768E 

- 8 

45.0 

7.776E 

-9 

8.  891E- 

11 

O.OOOE 

0 

1 . 668E-12 

7.t66E 

-9 

50.0 

1. 640E 

-9 

2.699E- 

11 

O.OOOE 

0 

5.273E-13 

1 . 668E 

-9 

DATE  03/04/77 


LASER  LINE 

2004 . 1 716 

6 5 

2 

MODEL:  MIDLATITUDE  SUMMER 

NALFA*  3. 

,000,  ETA« 

1 . 

770 

ALT. 

H20  0 

C02 

0 

03 

0 

CO  0 

TOTAL 

0.0 

6. 319E  -1 

5 . O90E 

-4 

O.OOOE 

0 

1 .075E  -5 

6 . 325E 

-1 

1.0 

3.810E  -1 

4.257E 

-4 

0 . OOOE 

0 

8 .432E  -6 

3 . 814E 

-1 

2.0 

2.1S2E  -1 

3.512E 

-4 

0 . OOOE 

0 

6 .49IE  -6 

2 . 155E 

-1 

3.0 

1.047E  -1 

2 . 649E 

-4 

0 .OOOE 

0 

4 . 890E  -6 

1 . 050E 

-1 

4 . 0 

5. 242E  -2 

2.295E 

-4 

O.OOOE 

0 

3 .654E  -6 

5 . 265E 

-2 

5.0 

2. 388E  -2 

1.832E 

-4 

0 .OOOE 

0 

2 . 701E  -6 

2.407E 

-2 

6.0 

1.256E  -2 

1.445E 

-4 

0 . OOOE 

0 

1.973E  -6 

1 . 271E 

-2 

7.0 

6.539E  -3 

1 .1 24E 

-4 

0 . OOOE 

0 

1 .419E  -6 

6 . 652E 

-3 

8.0 

3.081E  -3 

8.569E 

-5 

0 .OOOE 

0 

9 . 986E  - 7 

3 . 1 68E 

-3 

9.0 

1. 491E  -3 

6 . 508E 

-5 

0 . OOOE 

0 

7 . 039E  - 7 

1 .557E 

-3 

10.0 

6.485E  -4 

4 .814E 

-5 

0 . OOOE 

0 

4 . 820E  - 7 

6 .971E 

-4 

11 . 0 

1.855E  -4 

3 .545E 

-5 

0 .OOOE 

0 

3.307E  -7 

2 . 21 3E 

-4 

12.0 

4.036E  >5 

2.530E 

-5 

0 .OOOE 

0 

2 . 193E  - 7 

6.587E 

-5 

13.0 

9. 864E  -6 

1.795E 

-5 

0 . OOOE 

0 

1 .454E  -7 

2 . 796E 

-5 

14.0 

5.5  28E  -6 

1 . 369E 

-5 

0 . OOOE 

0 

1 .065E  -7 

1 .932E 

-5 

15.0 

4. 322E  -6 

1.033E 

-5 

0 . OOOE 

0 

7 . 705E  -8 

1 . 4 73E 

- S 

16.0 

3.731E  -6 

7.879E 

-6 

0 . OOOE 

0 

5 . 624E  -8 

1 .1 67E 

-5 

17.0 

3.437E  -6 

6.061E 

-6 

0 . OOOE 

0 

4.123E  -8 

9 . 540E 

- b 

18.0 

3. 269E  -6 

4 . 6 74E 

-6 

0 .OOOE 

0 

3 . 01 4 L -8 

7 . 9 73E 

-6 

19,0 

3.620E  -6 

3.708E 

-6 

O.OOOE 

0 

2 . 249E  -• 

7.  351E 

-6 

20.0 

3.  7 88E  -6 

2 .981E 

-6 

0 . OOOE 

0 

1 . 6 78E  -8 

b . 7 86E 

-b 

21.0 

4. 909E  -6 

2.436E 

-6 

0 .OOOE 

0 

1 . 255E  -8 

7 . 358E 

- 6 

22.0 

5.621E  -6 

2.024E 

-6 

0 . OOOE 

0 

9 . 37  2E  -9 

7 . 654F. 

-6 

23.0 

7.  169E  -6 

1 . 757E 

-6 

0 . OOOE 

0 

7.178E  »9 

H.  9 3 3E 

- 6 

24.0 

9.0  78E  -6 

1 .SHE 

-6 

0. OOOE 

0 

5.353F  -9 

1 . 059E 

-5 

25 . 0 

1.147E  -5 

1 . 326E 

-6 

O.OOOE 

0 

4 . 02  7t;  -9 

1 . 280E 

-5 

30.0 

1 . 34  7e  -5 

9.084E 

- 7 

0 .OOOE 

0 

1 . 068E  -9 

1 . 4 38E 

-5 

35.0 

7. 958E  -6 

6.775E 

- 7 

0 . OOOE 

0 

3.041E-10 

8 . 6 36E 

- 6 

40.0 

5. 786E  -6 

5.030E 

- 7 

0 . OOOE 

0 

9. 342E-11 

6 . 2I9E 

- 6 

45.0 

4.176E  -6 

3.514E 

- 7 

0 . OOOE 

0 

2.990E*11 

4 .S27E 

- 6 

50.0 

1.741E  -6 

2.165E 

- 7 

0 .OOOE 

0 

9. 301E-12 

1 . 95  7E 

- 6 

Figure  17.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  suimer  model. 
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DATE  03/04/77 

LASER  LINE  2007. 876S  651 

MODEL:  HIDLATXTUDE  SUMMER 


NALFA-  3 

000,  ETA-  1 

770 

ALT. 

H20  0 

C02  0 

03 

0 

CO  c 

TOTAL 

0.0 

1.794E  1 

5.621E  -5 

O.OOOE 

0 

2 . 361E  -4 

1.794E  1 

I.O 

1.049E  1 

4 . 4 85E  -5 

O.OOOE 

0 

2. 245E  -4 

1.049E  1 

2.0 

5.720E  0 

3.551E  -5 

0 . OOOE 

0 

2.106E  -4 

5.720E  0 

3.0 

2.677E  0 

2 . 772E  -5 

O.OOOE 

0 

1.945E  -4 

2.677E  0 

4.0 

1.281E  0 

2.152E  -5 

O.OOOE 

0 

1.785E  -4 

1.281E  0 

5.0 

5.564E  -1 

1.657E  -5 

O.OOOE 

0 

1.627E  -4 

5.566E  -1 

6.0 

2.789E  -1 

1 . 263E  -5 

0 . OOOE 

0 

1 .471E  -4 

2.791E  -1 

7.0 

1.  379E  -1 

9.495E  *6 

O.OOOE 

0 

1.317E  -4 

1 . 380E  -1 

8.0 

6.218E  -2 

7.056E  -6 

0 . OOOE 

0 

1.148E  -4 

6.230E  -2 

9.0 

2.850E  -2 

5. 224E  -6 

0 . OOOE 

0 

1 .OOIE  -4 

2 . 860E  -2 

10 . 0 

1.182E  -2 

3.B03E  -6 

O.OOOE 

0 

8.4SOE  -5 

1 .191E  -2 

11.0 

3.191E  -3 

2.759E  -6 

0 .OOOE 

0 

7.107E  -5 

3.265E  -3 

12.0 

6.593E  -4 

1.963E  -6 

O.OOOE 

0 

5.729E  -5 

7.186E  -4 

13.0 

1.514E  -4 

1 . 3B9E  -6 

O.OOOE 

0 

4.577E  -5 

1 . 985E  -4 

14.0 

7.453E  -5 

1.016E  -6 

O.OOOE 

0 

4 .069E  «5 

1.162E  -4 

15.0 

4.011E  -5 

7.343E  -7 

O.OOOE 

0 

3.492E  -5 

7.577E  -5 

16.0 

2.893E  -5 

5 . 357E  -7 

0 . OOOE 

0 

2.942E  -5 

5 . 8B9E  -5 

17.0 

2.171E  -5 

3.927E  -7 

0. OOOE 

0 

2.432E  -5 

4 . 643E  -5 

18.0 

1.660E  -5 

2.870E  -7 

0 . OOOE 

0 

1.967E  -5 

3 . 656E  -5 

19.0 

1.430E  -5 

2.117E  -7 

0 . OOOE 

0 

1.594E  -5 

3 . 045E  -5 

20.0 

1.154E  -5 

1.562E  -7 

0 .OOOE 

0 

1.271E  -5 

2.440E  -5 

21.0 

1.150E  -5 

1.155E  -7 

O.OOOE 

0 

1 .OOIE  -5 

2.163E  -5 

22.0 

l.OllE  -5 

8.538E  -8 

0 .OOOE 

0 

7 . 790E  -6 

1 . 799E  -5 

23.0 

9. 667E  -6 

6 .402E  -8 

0 . OOOE 

0 

6 . 154E  -6 

1 .588E  -5 

24.0 

9. 427E  -6 

4 . 7 25E  -8 

0 . OOOE 

0 

4 . 703E  -6 

1.418E  -5 

25.0 

9. 278E  -6 

3.519E  -8 

O.OOOE 

0 

3.603E  -6 

1 . 292E  -5 

30.0 

3.966E  *6 

8 . 4 90E  -9 

0 . OOOE 

0 

9.963E  -7 

3 . 971E  -6 

35.8 

5.571E  -7 

2.206E  -9 

0 .OOOE 

0 

2.860E  -7 

8.453E  -7 

48.0 

1. 398E  -7 

6.1dlE-10 

0 .OOOE 

0 

8 . 795E  >8 

2 . 2I4E  -7 

45.0 

3.943E  -8 

1 .840E-10 

0 .OOOE 

0 

2.828E  -8 

6 . 789E  -8 

50.0 

7.  7 36E  -9 

5.543E-11 

O.OOOE 

0 

8 . 957E  -9 

1.675E  -8 

Ficjure  17.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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DATE  03/04/77 


LASER  LINE 

1978.5853 

5 4 

15 

MODEL:  HXDLATITUDE  SUMMER 

HALF A*  3 

000.  ETA-  1. 

770 

ALT. 

H20  0 

C02  0 

03 

0 

CO  0 

TOTAL 

0.0 

4.146E  -I 

5. 711E  -4 

O.OOOE 

0 

2.048E  -8 

4.152E  -1 

1.0 

2.422E  -1 

4.495E  -4 

O.OOOE 

0 

1.509E  -8 

2.426E  -1 

2.0 

1. 343E  -1 

3.458E  -4 

O.OOOE 

0 

1 . 08SE  -8 

1 . 346E  -1 

3.0 

6.498E  -2 

2.585E  -4 

0 . OOOE 

0 

7.555E  -9 

6.523E  -2 

4.0 

3.  242E  -2 

1.912E  -4 

0 .OOOE 

0 

5.223E  -9 

3.261E  -2 

S.O 

1.475E  -2 

1 . 395E  -4 

0. OOOE 

0 

3.571E  -9 

1 .489E  *2 

4.0 

7.764E  -3 

1.003E  -4 

O.OOOE 

0 

2.409E  -9 

7.864E  -3 

7.0 

4.040E  -3 

7.084E  -5 

O.OOOE 

0 

X.599E  -9 

4 .lllE  -3 

8.0 

1.943e  -3 

4.853E  -5 

O.OOOE 

0 

1 .02  3C  -9 

1 .992E  -3 

9.0 

9.451E  -4 

3.335E  -5 

O.OOOE 

0 

6.623E*10 

9 . 784E  -4 

10.0 

4.223E  -4 

2.207E  -S 

O.OOOE 

0 

4 .09Se-IO 

4 . 4 4 3E  -4 

11. 0 

1. 221E  -4 

1.466E  -S 

0 . OOOE 

0 

2.S62E-10 

1 . 368E  -4 

12.0 

2.751E  -5 

9.322E  -6 

O.OOOE 

0 

I .520E-10 

3.683E  -5 

13.0 

6.844E  -6 

5.945E  -6 

O.OOOE 

0 

9.117E-11 

1.279E  -5 

14.0 

3.369E  *6 

4.363E  -6 

O.OOOE 

0 

6.661E-11 

7 . 733E  -6 

IS.O 

2.259E  -6 

3.161E  -6 

0 . OOOE 

0 

4 . 809E-11 

5.420E  -6 

16.0 

1.684E  -6 

2.310E  -6 

O.OOOE 

0 

3.506S-11 

3.994E  -C 

17,0 

1. 306E  -6 

1.696E  -6 

O.OOOE 

0 

2 . 568E-11 

3 . 002E  -6 

18.0 

1.033E  -6 

1.241E  -6 

O.OOOE 

0 

1.876E-11 

2.274E  -6 

19,0 

9.068C  -7 

9.327E  -7 

O.OOOE 

0 

1 .422E-11 

1 .842E  -6 

20.0 

7.49i)E  -7 

7.011E  -7 

O.OOOE 

0 

1 .079E-11 

1 .450E  -6 

21.0 

7.624E  -7 

5.281E  -7 

0 .OOOE 

0 

8 .197E-12 

1 .290E  -6 

22.0 

6.845E  -7 

3.973E  -7 

O.OOOE 

0 

6.222E-12 

1.082E  -6 

23.0 

6. 600E  -7 

3.0  84E  -7 

O.OOOE 

0 

4 .920E-12 

9.684E  -7 

24.0 

6.579E  -7 

2.316E  -7 

O.OOOE 

0 

3. 727E-12 

i.  895E  - 7 

25.0 

6.613E  -7 

1 . 754E  -7 

0.  OOOE 

0 

2.848E-12 

8.367E  -7 

30.0 

2.226E  -7 

4 .948E  -8 

0 . OOOE 

0 

8.777E-13 

2.721E  -7 

35.0 

4. 381E  -8 

1 .495E  -8 

O.OOOE 

0 

2.906E-13 

5.874B  -8 

40.0 

1.139E  -8 

4.875E  -9 

O.OOOE 

0 

1.050E-13 

1 .627E  -8 

45.0 

3.374E  -9 

1.633E  -9 

O.OOOE 

0 

3 . 848E-14 

5.088E  -9 

50.0 

7. 262E-10 

5.183E-10 

O.OOOE 

0 

1.275E-14 

1 . 245E  -9 

DATE  03/04/77 

LASLR  LINE  19b2.7  64'*  ^ 4 14 

MODE  L : I DLATI T UDE  SU!’.MER 


NALFA= 

3 . 

,000,  FT A*  1, 

. 7 70 

ALT  . 

H20 

0 

C02  0 

03 

0 

CO  0 

TOTAL 

0.0 

8.1 20E 

-1 

4 . i 61 E -5 

0 . OOOE 

0 

6.150E  -S 

0 . 1 20E 

-1 

1 .0 

4 . 919E 

-1 

3 . 350E  -5 

O.OOOE 

0 

4 . 4 49C  -8 

4 . 91 9E 

-1 

2 . 0 

2. H 26E 

-1 

2.632E  -5 

0 .OOOE 

0 

3 . 1 29E  -S 

2.e2fcE 

-1 

1 . 0 

1 . 4 15t 

-1 

2 . OOlE  '5 

0 .OOOE 

0 

2.124E  -8 

1 .415E 

-1 

4 . 0 

7. 287e 

-2 

1 .508E  -5 

O.OOOE 

0 

1.434E  -8 

7 . 288E 

-2 

5.0 

3. 4 16E 

-2 

1 .1 22E  *5 

0 .OOOE 

0 

9.586E  -9 

3.417E 

-2 

6 . 0 

:.846E 

-2 

8 . 224E  -6 

0 . OOOE 

0 

6.336E  -9 

1 . 84  7E 

_ •> 

7.0 

9. H 3 3E 

-3 

5.909F  *6 

0 .OOOE 

0 

4 .12IE  -9 

9.839E 

-3 

8.0 

4.  7 9 BE 

•3 

4 .031E  -6 

0 .OOOE 

0 

2.593E  -9 

4 . 802E 

- 3 

9.0 

2.  )62F 

- } 

2 . 7 75E  -6 

O.OOOE 

0 

1 . 655E  -9 

2 . 364E 

- 3 

10.0 

1.057E 

- 3 

1.793E  *6 

0 . OOOE 

c 

1 .OllE  -9 

1 .058E 

- 3 

11.0 

3. 050E 

-4 

1.167E  -6 

0 .OOOE 

0 

6 . 275E-iO 

3 . 062f: 

-4 

12.0 

6.  7 79E 

-5 

7.065E  -7 

0 . oooi: 

0 

3 . 7 0 1 [>  1 0 

o . H49E 

-5 

13.0 

1.  6 59r 

-5 

4 . 3n7E  - 7 

0 . OOOE 

0 

2 . 215E-10 

1 . 702r 

-5 

14.0 

7. 9 H2E 

«•  6 

3.330E  -7 

0 . OOOE 

0 

1 .6lfiE-10 

0. 315E 

- b 

15,0 

5 . 3 b 3 r 

- 6 

2.520E  -7 

O.OOOE 

0 

1 . 1 68E-10 

5 . 6 1 5 

-b 

16.0 

3 . 9 H 2 F. 

-6 

1 .905C  - 7 

O.OOOE 

0 

8.518F.-11 

4 . 1 7 3E 

- b 

17.0 

3.067E 

-6 

1.444E  -7 

0 . OOOE 

0 

6 . 239E-11 

3 . 2 1 1 E 

-6 

18.0 

2 . 4 0 1 F. 

-6 

1.0 7 at  -7 

O.OOOE 

0 

4 . 55HE-1 1 

2 . 509F 

- 6 

19.0 

2.097E 

-6 

0.387F  -8 

O.OOOE 

0 

3 . 4 5 7F.-11 

2.181t 

-b 

20.0 

1 . 7 1 4 F. 

6 .501E  -8 

0 . OOOE 

0 

2.622E-n 

1 . 779E 

> b 

21 . 0 

1.728E 

-6 

5.033E  -0 

0 . OOOE 

0 

1 . 993E-11 

1 . 7 78C 

- 6 

22 . 0 

1 . 5 35F. 

-6 

3 . 8H4E  -8 

0 .OOOE 

0 

1 .513E-11 

1 . 5 75E 

- fa 

23.0 

1 . 4 73C 

-6 

3.146E  -8 

0 . OOOE 

0 

1 . 1 90E-1  1 

1 .504E 

-b 

24.0 

1.452F 

-6 

2.415E  -8 

O.OOOE 

0 

9.080C-12 

1 . 4 76r 

-b 

25.0 

1 . 444C 

•6 

I . 86BE  -8 

0 .OOOE 

0 

6 . 94  3E-1  2 

1 . 46  3E 

- 6 

30.0 

4. 706E 

- 7 

o.363r  -9 

0 .OOOE 

0 

2. 16  3!.- 12 

4 . 769E 

- 7 

35. 0 

9.015E 

-H 

2. 329E  -9 

0 . OOOE 

0 

7 . 31 2E-1 3 

9 . 248E 

- 8 

40.0 

2.  301F 

-3 

9 . 3 8 5 E-  1 0 

0 . OOOE 

0 

2. 735r-l 3 

2 . 395E 

> 8 

45.0 

6. 6 81 F 

-9 

3 . 7 70E-1 0 

O.OOOE 

0 

1 . 0 4 4 E - 1 3 

7 , 058L 

-9 

50.0 

1 . 39  IF 

- 9 

1 . 304 r- 10 

O.OOOE 

0 

3.542K-14 

1 .524F 

- 'i 

Figure  18,  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  suniner  model. 
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UME  03/04/TT 
LAMR  LINT 

MOnriL:  MIlH.ATITl'OK  SUftMCH 


NAL7'A« 

\ , 

000.  r.TA» 

I 

. 7 70 

ALT  . 

a 20 

0 

CO  2 

0 

03 

0 

Co  0 

TOTAL 

0.0 

2. 890r 

0 

1 . 652E 

-4 

0 . OOOE 

0 

1 .05lr  - 7 

2 . 890C 

0 

1.0 

1 . 6 7KE 

0 

1 .416E 

-4 

O.OOOE 

0 

7 . 759E  -8 

1 .678E 

0 

2.0 

9. 229E 

-1 

1 .198E 

-4 

O.OOOE 

0 

5 . 599E  -8 

9. 230E 

-1 

3.0 

4.419E 

-1 

9.970E 

-5 

0 .OOOE 

0 

3.91Rr  -8 

4 . 420E 

-1 

4 . 0 

2.181E 

-1 

8 . 265E 

-5 

O.OOOE 

0 

2 . 726E  -8 

2.182E 

-1 

5.0 

9.806C 

-2 

6. 796E 

-5 

0 . OOOE 

0 

1 . 8 78L  -8 

9 . 81 3E 

-2 

6.0 

S.  095n 

-2 

5 . 521E 

-5 

0 . OOOE 

0 

1 . 279E  -8 

5.100E 

-2 

7.0 

2.6i5r 

-2 

4 . 412E 

-5 

0 . OOOE 

0 

8.575E  -9 

2.620E 

-2 

8.0 

1. 237r 

-2 

3.4292 

-5 

0. OOOE 

0 

5.567E  -9 

1 . 240E 

-2 

9.0 

5.9  22E 

-3 

2 . 650E 

-5 

O.OOOE 

0 

3.655E  -9 

5 . 949E 

-3 

10.0 

2.5  96F 

-3 

1 . 9 7 7 E 

-5 

0 .OOOE 

0 

2 . 302E  -9 

2.616E 

-3 

11.0 

7. 373E 

-4 

1 .464E 

-5 

O.OOOE 

0 

1 .4  6 7e  -9 

7 .519E 

-4 

12.0 

1.626E 

-4 

1 .042E 

-5 

0.  OOOE 

0 

8 . 905E-10 

1 . 730E 

-4 

13.0 

3. 969E 

-5 

7.347r 

-6 

O.OOOE 

0 

5. 459E-10 

4 . 704E 

-5 

14 . 0 

1.954C 

-5 

5.597E 

-6 

O.OOOE 

0 

3.989E-10 

2.514E 

-5 

15.0 

1.  310E 

-5 

4 .1 76E 

«6 

0 . OOOE 

0 

2.880E-10 

1 . 7 27E 

-5 

16.0 

9*  369E 

-6 

3.117r 

-6 

O.OOOE 

0 

2 . 099E-10 

1 . 249E 

-5 

17.0 

7.1  81E 

-6 

2 . 324E 
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Figure  18.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  19.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  19.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  20.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  20.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  21.  Calculated  CO  laser  absorption  coefficients  for  the 
mid- latitude  summer  model . 
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Figure  21.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  22.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  22.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  23.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  23.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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8,794E  -4 

5 . 5 5 1 K - 8 

1 . 1 0 5 E - 5 

1 . 3b8E  -1 

8.0 

6.  192E  -2 

b . 4 2 6 E - 4 

4.592F  -a 

7 . 8 8 4 E - b 

b . 2 5 7 E - 2 

9.  0 

2.  8 64E  -2 

4 . 6 92E  - 4 

} . 9 4 1 K - a 

5 . b 3 9 E - b 

2 . 91  IE  -2 

10.  0 

1 . 201E  -2 

3. 365E  -4 

3 . 1 7 3 E - 8 

.3  . 9 5 3 E - b 

1 . 2 35E  -2 

11.0 

3.  2 7 7E  -3 

2 .412E  -4 

2 . 99b  E -8 

2 . 779F.  -b 

3.521E  -3 

L2.0 

6.  0bOE  -4 

1 . 6 9 4 E - 4 

2 . 4 5 0 E - H 

1 . 9 1 1 F'  - d 

a . 5 7 4 E - 4 

13.0 

1 . 0 98E  -4 

1 . 1 8 8 E - 4 

2 . 3 0 3 E -a 

1 . 3 1 5 E - b 

2 . 299E  -4 

14.0 

5.  208E  - 5 

8.694E  -5 

2 . J b 2 F - 8 

9 . 6 1 4 F - 7 

1 . 400E  -4 

15.0 

3.  367E  -5 

b . 2 8 b E - 5 

2 . 1 0 H E - a 

h . 9 1 u:  - 7 

9 . 7 2 5 F.  - 5 

16.  0 

2.  42  3E  -5 

4 . 5 8 8 F.  - 5 

1 . 9 8 9 E - a 

S . 0 b 3 E - 7 

7 . 0 b 4 E - 5 

17.0 

1 . 8 1 7 E - 5 

1 . 3b5E  -5 

1 . 9 4 9 t:  - 8 

3 . 7 0 9 E - 7 

5 . 2 2 1 K - 5 

18.  0 

1.  3H8E  -5 

2 . 4 60E  -5 

1 . 9 5 4 f:  - a 

2. 71  of:  -7 

3 . H 7 » F:  - 5 

19.0 

1 . 1 9 2 E - 5 

1 . H 1 a E - 5 

1 . 95  7E  -8 

2 . OObF  - 7 

3.03U  -5 

20.  0 

9 . 5 H 9 E - b 

1 . 1 4 j E - 5 

1 . 8 2 0 F’  - a 

1 . 4 a b f:  - 7 

2 . 3F9E  -5 

2 1.0 

9 . 5 3 2 F.  - b 

. 9 4 8 F.  - b 

1 . b 9 0 K - a 

1 . 1 0 4 K - 7 

1 , 9 b 1 F - 5 

2 2.0 

8.  355E  -b 

7 . 3 b 2 E - b 

1 . 4 7 9 E - a 

M . 1 H a F - a 

1 . 5 8 1 f:  - 5 

2 i.  0 

7 . 9 5 2 F.  - b 

5 . 5 j b E - b 

1 . 2 5 2 F-  - a 

b . 1 9 1 F,  - a 

* . 35bE  -5 

2 4.0 

7 . 7 3 5 K - b 

I . 0 9 2 E - b 

1 . 0 2 7 F'  - a 

4 . 5 8 9 F - a 

1 . 1 bbf; 

2 5.0 

7.595E  -b 

3.052E  -b 

a . 4 b 9 f;  - 9 

J . 4 3 2 F - a 

1 . 0 b 9 E - S 

30.  0 

2 . 3 7 8 F - b 

7 . 4 7 0 F.  - 7 

4 . a 2 7 1:  - 9 

H . b 4 4 K - 9 

3 . 1 3 9 f:  - b 

35.0 

4.  3 7 6E  - 7 

1 . 9 b 9 F:  - 7 

1 . 2 7 0 F.  - 9 

2 . 3 5 5 F - 9 

b . 3 8 2 F.  - 7 

4 0.0 

1.075E  -7 

S . 5 8 ) E - 8 

1 . 3 5 3 F - 1 0 

b. 954r-l0 

1 .b44t 

45.0 

2 . 9 78E  - 8 

1 . b 7 2 E - 8 

b.  3 3 9 E-11 

2 . 1 b 3 F - 1 n 

4 . b 7 8 F - a 

50.  0 

5 . 7 8 S E - 9 

5 . 0 3 9 E - 9 

1 . 1 9 3E-1 1 

b . b 4 H F - M 

1 . a M 0 F - H 

Figure  24 

Calculated  CO  laser 

absorption 

coefficients  for  the 

mid-latitude  summer 

model  . 
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DATE  03/04/77 


LASER  LINE 

2044.9830 

4 3 5 

MODEL:  MIDLATITUDE  SUMMER 

N^LFA»  3. 

.000,  ETA«  1. 

770 

ALT  . 

H20  0 

C02  0 

03  0 

CO  0 

TOTAL 

0. 0 

8. 477E  -1 

6. 886E  - 3 

6.764E  -7 

4 . 253E  -5 

8 . 546E 

-1 

1 . 0 

4.  9 49E  - I 

5.^32E  -3 

5.737E  -7 

3.  316E  -5 

5 . 003E 

-1 

2.0 

2. 742E  -1 

4 . 252E  -3 

4 . 824E  -7 

2.565E  -5 

2 . 7 85E 

- 1 

3 . 0 

1. 325E  -1 

3.284E  -3 

4 . 094E  -7 

1 . 957E  -5 

1 . 359E 

-1 

4 . 0 

6.609E  -2 

2.526E  -3 

3.462E  -7 

1.489E  -5 

6 . 8b4E 

-2 

S.  0 

3. 006E  -2 

1.930E  -3 

2 . 90  7E  -7 

1 . 126E  -5 

3 . 200E 

-2 

6.0 

1. 581E  -2 

1.46IE  -3 

2 . 452E  -7 

8.452E  -6 

1 . 720E 

-2 

7 . 0 

8.  2 29E  -3 

1 . 094E  - 3 

2.123E  -7 

6.27IE  >9 

9. 329B 

-3 

8.0 

3.958E  -3 

8 . 098E  -4 

1 .750E  -7 

4.621E  -6 

4 . 7 7 3E 

-3 

9.  0 

1. 925E  -3 

5.9B4E  -4 

1.497E  -7 

3.399E  -6 

2 . 527E 

- 3 

10. 0 

8.  605E  -4 

4. 35LE  -4 

1 . 201E  -7 

2 . 4 6 5 E - b 

1 . 298E 

-3 

11. 0 

2.4e9E  -4 

3.155E  -4 

1.130E  -7 

1.787E  -6 

5.  6 6 3E 

- 4 

12.0 

5.609E  -5 

2.245E  -4 

9.212E  *1 

1.274E  -b 

2.8i9E 

-4 

13.0 

1. 395E  -5 

1.589E  -4 

8.636E  >8 

9.057E  -7 

1 . 739E 

-4 

14.0 

6.  a69E  -6 

1 . 1 65E  -4 

8 . 856E  -8 

6.617E  -7 

1.241E 

-4 

15.0 

4.605E  -6 

8.434E  -5 

7.904E  -8 

4.777E  -7 

8 . 950E 

-5 

16.0 

3.  4 34E  *6 

6.161E  -5 

7.457E  -8 

3.483E  -7 

6 . 54bE 

-5 

17.0 

2. 665E  -6 

4,522E  -5 

7.  3O0E  -8 

2.551E  -7 

4 . 82iE 

-5 

1 B.  0 

2.  109E  -6 

3 . 308e  -5 

7 . 326E  -8 

1 . I64E  -7 

3 . 545E 

-5 

19.0 

1.855S  -6 

2.441E  -5 

7. 341E  -8 

1 . 37  3E  -7 

2 . 648E 

-5 

20.0 

1.529E  -6 

1 . 0O2E  -5 

6.832E  -8 

l.OllE  -7 

1 . 972E 

-5 

21.0 

1.556E  -6 

1 . 333E  -5 

6. 346E  -8 

7 .469E 

1 .502E 

-5 

22.0 

1.397b  -6 

9.850E  -6 

5.556E  -8 

5.512E  -• 

1 . UbE 

-5 

23.0 

1. 347B  -6 

7. 384E  -6 

4.707E  -8 

4.124E 

8 . 820E 

- b 

24.0 

1. 343E  >6 

5.449E  -6 

3 . 865E  -8 

3 . 040B  -• 

6 . 862E 

-6 

25.0 

1. 350E  -6 

4.058E  -6 

3.  187E  -8 

2.262E  *8 

S.  4 62E 

-6 

30.0 

4. 546E  -7 

9.764E  -7 

1 . 826E  -8 

5.412E  -9 

1 . 455E 

- b 

35.0 

8.952E  *8 

2.526E  -7 

4 . 831E  -9 

1 . 398E  -9 

3 . 4 64E 

-7 

40.0 

2. 331E  -8 

7, 027E  -8 

1 . 285E  -9 

3 . •94E-  10 

9 . 526E 

-8 

45.  0 

6. 919E  -9 

2 . 0 77E  -8 

2 . 444E-10 

1 .154E-iO 

2 . a05E 

-8 

50.0 

1. 492E  -9 

6.236E  -9 

4.6I5E-11 

3.466E-11 

7 . 808E 

- 9 

DATE  03/04/77 

LASER  LINE 

2048. 8616 

4 3 4 

MODEL:  MIDLATITUDE  SUMMER 

NALFA»  3. 

.000,  ETA=  1. 

770 

ALT. 

H20  0 

C02  0 

03  0 

CO  0 

TOTAL 

0.0 

2. 580E  -1 

5.183E  -2 

9.115E  -6 

3 . 67  3E  -5 

3 . 099E 

-1 

1.0 

1.  468E  -1 

4.196E  -2 

7 . 801E  -6 

2 . 875E  -5 

1 . 888E 

-1 

2 . 0 

7. 800E  -2 

3 . 372E  -2 

6 . 594E  -6 

2 .2361  -5 

1.118E 

-1 

3.0 

3.562E  -2 

2 . 676E  -2 

5. 610E  -6 

1 . 71 7E  -5 

b.240E 

-2 

4 . 0 

1. 671E  -2 

2.112E  -2 

4 . 746E  -6 

1 . 315B  -5 

3 . 785E 

-2 

5.0 

7.  131E  -3 

1 . 653E  -2 

3 . 979E  -6 

1 . 002E  -5 

2 . 368E 

-2 

6.0 

3.517E  -3 

1.281E  -2 

3 . 347E  '6 

7 .574E  -6 

1 . 6 3 4 E 

-2 

7.0 

1.717E  -3 

9. 0O3E  -3 

2 . 885E  -6 

5 . 666E  -6 

1 . 153E 

-2 

8.0 

7. 667E  -4 

7.442E  -3 

2 . 360E  -6 

4 . 20  7E  • b 

8 . 215E 

-3 

9.0 

3.502E  -4 

5. 614E  -3 

2 . 005E  -6 

3.119E  -6 

5. 969E 

- 3 

10.  0 

1 . 4 56E  -4 

4 . 178E  -3 

1.591E  -6 

2 . 28  3E  - 6 

4 . 327E 

- 3 

11.0 

3. 962E  -5 

3.090E  -3 

1 . 4 8 3E  -6 

1 . 66  8E  - 6 

3 . 1 33E 

- 3 

12.0 

8. 331E  -6 

2.248E  -3 

1 . 192E  -6 

1.201E  -b 

2 . 2S9E 

- 3 

13.0 

1.956E  -6 

1.622E  -3 

1 . 103E  -6 

8.608E  -7 

I.b2bE 

-3 

14.0 

9.6  30E  -7 

1 . I91E  -3 

1.132E  -6 

6 . 289E  -7 

1 . 1 9 4 E 

- 3 

15.0 

' 6. 394E  -7 

8.640E  -4 

1 . OllE  -6 

4 . 5 4 0 E - 7 

H. 6blE 

- 4 

16.0 

4.651E  -7 

6 . 326E  -4 

9.  540B  -7 

3. 310E  -7 

6 . 344C 

- 4 

17.0 

3,597E  -7 

4.652E  -4 

9.  35LE  -7 

2.425K  -7 

4 . bb  BE 

- 4 

18.0 

2.  8 36E  -7 

3.412E  -4 

9.  376E  -7 

1 .771E  -7 

3.42bE 

-4 

19.0 

2. 507E  -7 

2 . 516E  -4 

9.  418E  -7 

1 . 30  3E  -7 

2 .529E 

- 4 

20.0 

2.077E  -7 

1.855E  -4 

8 . 790E  -7 

9 . 5141k  - 1 

1 . 0b  7E 

- 4 

21.0 

2.  L25E  -7 

1 . 3 70E  -4 

8.  185E  -7 

7. ObRE  -• 

1 . 3 8 1 E 

-4 

22.0 

1.917E  -7 

1 . OlOE  -4 

7 . 1 8 4 E - 7 

5 . 2 1 0 E - 8 

1 . 0 2 0 K 

- 4 

23.0 

1 . 8 74E  -7 

7.534E  -5 

6 . 1 13E  -7 

3 . fi86E  -4 

7 . 0 1 R E 

- S 

24.0 

1 . 8 77E  -7 

5.546E  -5 

5.032E  -7 

2 . R 6 1 E - 8 

5 . b 1 8 E 

-5 

25.0 

1.896E  -7 

4.119E  -5 

4 . 1 5 9 E - 7 

2 . 1 26E  -8 

4 . 1 R 2 E 

-5 

30. 0 

6.8  06E  -8 

9.603E  -6 

2 . 4 3 1 E - 7 

S . 0 1 8E  -9 

9 . 9 1 9 E 

- b 

35.  0 

I.  4 36E  -8 

2 . 392E  -6 

6 . 559E  -8 

1.27BE  -9 

2 . 4 7 3E 

- b 

40.0 

4. 048E  -9 

6. 344E  -7 

1 . 779E  -8 

3 . 50  2 E-  1 0 

b . 5b5E 

- 7 

45. 0 

1.  28SE  -9 

1.788E  -7 

3 . 4 3 R E - 9 

1 . 02  2E-1  0 

1 . 8 3bE 

- 7 

50. 0 

2.8  )3E-10 

5.234E  -8 

b.537E-l0 

3 . 049E-  1 1 

5 . J 30E 

- 8 

1 


Figure  24. 


Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model . 
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HATE  03/04/77 


LASER  LINE 

2052.7057 

4 3 3 

MODEL;  MIDLATITUDE  SUMMER 

nalfa=  3. 

OOO.  ETA»  1. 

770 

ALT  . 

H20  0 

C02  0 

03  0 

CO  0 

TOTAL 

0.0 

1.407E  -1 

1.274E  -2 

5.589E  -5 

4 . 331E  -5 

1 . 5 36E  -1 

1 . 0 

8.  047e  -2 

1.020E  -2 

5 . 322E  -5 

3 . 385E  -5 

9.  076E  -2 

2.0 

4. 343E  -2 

8 . 155E  -3 

5. 012E  -5 

2.627E  -5 

5 . 1 66E  -2 

3.0 

2. 033E  -2 

6.472E  -3 

4 . 76  3E  -5 

2 . OllE  -5 

2 . b87E  -2 

4 . 0 

9. 810E  -3 

5. 124E  -3 

4 . 4 95E  -5 

I.535E  -5 

1 . 499E  -2 

5.0 

4. 314E  -3 

4.032E  -3 

4 . 199E  -5 

i . 1 bSE  -5 

b . 399E  - 3 

6 . 0 

2. 192E  -3 

3. 147E  -3 

3 . 928E  -5 

8 . 767e  -6 

5.387E  -3 

7.0 

1. lOOE  -3 

2.431E  -3 

3 . 754E  -5 

6.52BE  -6 

3.575E  -3 

8.0 

5. 070E  -4 

1 . 871E  -3 

3 . 380E  -5 

4 . 81 8E  - 6 

2 . 4 17E  - 3 

9.  0 

2. 373E  -4 

1.430E  -3 

3 . 1 38E  -5 

3.551E  -b 

1 . 702E  -3 

o 

o 

9.  995E  -5 

1.083E  “3 

2.701E  -5 

2.5I0E  -b 

1 . 21 2E  - 3 

Ll.O 

2.772E  -5 

8.i32E  -4 

2.707E  -5 

1 . 872E  -6 

8 . b99E  -4 

12.0 

5.935E  -6 

6.035E  -4 

2 . 320E  -5 

1 . 3 37E  -6 

b.  34  0E  -4 

13.0 

1.  411E  -6 

4 . 4 31E  -4 

2 . 269E  -5 

9.512E  -7 

4 . 682E  '4 

14.0 

6.932E  -7 

3.238E  -4 

2.439E  -5 

b . 950E  -7 

3 . 4 95E  -4 

15.0 

4.643E  -7 

2 . 337E  -4 

2.261E  -5 

5.017E  -7 

2 . 57  3E  -4 

16.0 

3.212E  -7 

1.704E  -4 

2.195E  -5 

3 . 658E  -7 

1 . 9 31E  -4 

17.0 

2.477E  -7 

1 . 248E  -4 

2.197E  -5 

2 . 679E  -7 

1 . 4 7 3E  -4 

18.0 

1.947E  -7 

9.120E  -5 

2 . 239E  -5 

1.957E  -7 

1 .140E  -4 

19.0 

1.713E  -7 

6.681E  -5 

2 . 275E  -5 

1 .441E  -7 

8.988E  -5 

20.0 

1. 413E  -7 

4.896E  -5 

2.146E  -5 

1 . 062E  - 7 

7. 067£  -5 

21.0 

1.440E  -7 

3.597E  *5 

2.011E  -5 

7.  841E  -0 

5. 630E  -5 

22.0 

1.294E  -7 

2 . 640E  -5 

1 , 773E  -5 

S.786E  -8 

4.432E  -5 

23.0 

1. 258E  -7 

1.954E  -5 

1.513E  -5 

4 . 327E  -8 

3 . 4 83E  -5 

24.0 

1. 256E  -7 

i.433E  -5 

1 . 248E  -5 

3 . 1 90E  -8 

2 . 69  7E  -5 

25.0 

1. 264E  -7 

1 . 060E  -5 

1 . 033E  -5 

2 . 37  3E  -• 

2 . 1 08E  -5 

30.0 

4.  4 35E  -8 

2 . 394E  -6 

6, 041E  -6 

5.  666E  *9 

8 . 4P5E  - 6 

35.0 

9. 154E  -9 

5.779E  -7 

i.624E  -6 

1 .459E  -9 

2.21 3E  -b 

40.0 

2. 503E  -9 

1.483E  -7 

4 . 385E  -7 

4.045E-10 

5. 897e  - 7 

45.0 

7. 792E-10 

4.064E  -8 

8 . 4 39E  -a 

1.191E-10 

1 . 2S9E  - ’ 

50,0 

1. 709E-10 

1.174E  -8 

1 . 60iE  -8 

3.5b7E-ll 

2 . 79  7e  -b 

DATE  03/04/7? 

LASER  LINE 

2056.5153 

4 3 2 

MODEL:  MIDLATITUDE  SUMMER 

NALFA=  3. 

000,  ETA=  1. 

770 

ALT  . 

H20  0 

C02  0 

03  0 

CO  0 

TOTAL 

0.0 

1. 323E  -1 

8. 657e  -2 

4 . 996E  -5 

1 . 01 9E  -4 

2 .190E  -1 

1.0 

7.637E  -2 

7.151E  -2 

4.545E  -5 

8 . 007E  -5 

1.480E  -1 

2 . 0 

4. 170E  -2 

5. 883E  -2 

4. 097E  -5 

b . 24  IE  -5 

I . 0 0 b E - 1 

3.0 

1.979E  -2 

4 . 796E  -2 

J.730E  -5 

4 . 795E  -5 

b.703E  -2 

4.0 

9.  680E  -3 

3- 8B9E  -2 

3 . 376E  -5 

3 . 670E  -5 

4 . 8b4E  -2 

5.0 

4. 315E  -3 

3 . 1 28E  -2 

3 . 027E  “5 

2 . 788E  -5 

3 . 5bbE  -2 

6.0 

2.222E  -3 

2 . 492E  -2 

2.720E  -5 

2 . 099E  -5 

2 .719E  -2 

7.0 

1.131E  -3 

1 . 962E  -2 

2 . 4 99E  -5 

1 .5b2E  -5 

2 . 079E  -2 

8.0 

5. 295E  -4 

1 .538E  -2 

2.175E  -5 

1 . 150E  -5 

1.595E  -2 

9.0 

2.513E  -4 

1.195E  -2 

1 . 952E  -5 

8 . 4 4 4E  - b 

1 . 22  3E  -2 

10.0 

1.090E  -4 

9.211E  -3 

1 . 6 34E  -5 

6 . lOlE  -6 

9 . 342E  -3 

11.0 

3.069E  -5 

7.032E  -3 

1.595E  -5 

4 . 400E  -b 

7 . 08  3E  -3 

12  . 0 

6. 692E  >6 

5. 317e  -3 

1 . 340E  -5 

3 . 1 12E  - 6 

5.  340E  -3 

13.0 

1.616E  -6 

3.973E  -3 

1 . 2 89E  -5 

2 . 1 9 3 E - 6 

3 . 990E  -3 

14.0 

7.957E  -7 

2 .910E  -3 

1 . 348E  -5 

1 . 6 0 4 E - 6 

2 . 92bE  -3 

15.0 

5. 334E  -7 

2.105E  -3 

1 . 2 2 2 E - 5 

1 . 159E  -6 

2 . 1 1 9E  - 3 

16.0 

3. 977E  -7 

1 .5  37E  -3 

1.  166E  -5 

8.453E  -7 

1 . 550E  -3 

17.0 

3.087E  -7 

1. 127E  -3 

1 . 1 52E  -5 

6 . 1 94E  - 7 

1 . 1 4 0 E - 3 

IB.  0 

2.442E  -7 

8 . 242E  -4 

1 . 162E  -5 

4.52bE  -7 

8 . 3 b 5 E - 4 

19.0 

2.  159E  -7 

6 . 027E  -4 

1 . 1 70E  -5 

3. 339E  -7 

b . 1 5 0 K - 4 

20.0 

1.788E  -7 

4 . 409E  -4 

1.093E  -5 

2.4b5E  -7 

4 . S 2 3 E - 4 
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Figure  25.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  surmer  model. 
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Figure  25.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  suimer  model. 
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Figure  26.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  26.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model  . 
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Figure  27.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  27.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  28.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  28.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  29.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  29.  Calculated  CO  laser  absorption  coefficients  for  the 
mid-latitude  summer  model. 
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Figure  30.  1973  measurements  of  CO  laser  absorption  by  water  vapor 

with  linear  least  square  fit. 
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Figure  31.  1973  measurements  of  CO  laser  absorption  by  water  vapor 

with  linear  least  square  fit. 


SECTION  IV 

ISOTOPE  CO^  LASER  TRANSMITTANCE  CALCULATIONS 

The  spectral  range  of  CO2  lasers  can  be  extended  by  the  use  of 
rare  isotopes  of  CO2  as  the  laser  operating  medium  [8-10].  Detenni- 
nation  of  the  laser  line  frequencies  for  various  isotopes  has  been 
made  to  better  than  0.0001  cm"^  by  Freed  et  al  [11].  These  lasers 
provide  new  frequencies  with  which  to  probe  the  atmosphere. 

In  a previous  report  [12],  the  attenuation  of  CO2  isotope  laser 
radiation  by  ground  level  paths  of  water  vapor  was  presented.  The 
computations  were  performed  for  the  P(30)  to  R(30)  transitions  of  the 
636,  828,  and  838  isotopes.  In  this  preliminary  study,  no  contribution 
by  the  water  vapor  continuum  was  included. 

We  have  recently  calculated  the  atmsopheric  attenuation  of  these 
same  isotopic  laser  lines  along  horizontal  paths  from  sea  level  to  50 
km;  the  major  contributors  to  this  attenuation  are  carbon  dioxide, 
ozone,  and  water  vapor.  Figure  34a-c  shows  the  absorption  coefficient 
in  km'l  for  each  of  these  molecules  at  three  laser  frequencies.  The 
contribution  of  the  water  vapor  continuum  is  also  given.  Figure  34b 
lists  the  absorption  coefficients  at  the  frequency  of  the  P(20)  tran- 
sition of  the  common  CO2  isotope.  Figures  34a  and  34c  list  the  ab- 
sorption coefficients  for  isotopic  variations  having  frequencies 
closest  to  the  P(20)  line. 

Figure  35  shows  the  improvement  in  atmospheric  transmittance 
which  can  be  realized  by  selecting  a laser  transition  in  a rare  isotope 
of  CO2.  The  total  absorption  coefficient  is  plotted  as  a function  of 
altitude  for  the  P(20)  transition  of  the  common  isotope  and  for  the 
R(24)  transition  of  the  838  isotope.  These  lines  are  separated  by 
0.09  cm'l . The  calculated  attenuation  of  the  P(20)  line  is  compared 
with  a calculation  by  McClatchey  et  al . [13]  and  the  slight  deviation 
is  probably  caused  by  differences  in  the  water  vapor  continuum  calcu- 
lation. The  carbon  dioxide  contribution  to  this  total  absorption  is  in 
general  agreement  with  work  done  earlier  by  P.K.L.  Yin  and  R.  K.  Long  [14]. 

The  water  vapor  continuum  was  calculated  from  a curve  fit  by 
Roberts  [15]  to  data  measured  by  Ourch  [16].  The  absorption  coeffi- 
cient can  be  written  as 

i<(v)  = C°(v)  w^^q[P^^q  + 


H2O 


where  w. 


is  the  number  density  of  water  molecules  in  units  of 


-3 

molecules  • cm  » q partial  pressure  of  water  vapor  in 

atmospheres,  P is  thi  total  pressure  in  atmospheres,  C,°{v)  is  the  self- 
broadening coefficient  at  296  K,  and  yis  the  ratio  of  foreion- 
broadening  to  self-broadening.  Roberts  fit  the  function  C®(\)  to  a foni 

C°(v)  = a + b exp(-ov)  (6) 

-22  2 -1  -1 
where  a = 1.25  x 10  cm  molecule  atm 

b = 1.67  X 10"^^  cm^  molecule”^  atm”^ 

0 = 7.87  X 10“^  cm 


Equation  (5)  was  incorporated  into  the  main  program  to  calculate 
the  10  water  vapor  continuum.  Cs(v)  was  taken  from  Equation  (6) 
and  was  set  to  0.005.  There  is  some  question  as  to  the  proper 
value  of  y.  Many  workers  feel  that  a value  of  0.002  may  be  better. 

The  temperature  dependence  of  C°(v)  was  also  taken  from  a curve 
fit  by  Roberts.  ^ 

C^(v.T)  = C°(v,296)exp(1638(  1 - ^ ))  (7) 

This  equation  fits  data  taken  by  Burch  at  elevated  temperatures , and 
the  fit  was  assumed  to  hold  at  temperatures  below  296  K. 
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Figure  35.  Comparison  of  calculated  absorption  coefficient  for  6Z6  ^(20)  and  838  R(?4)  laser  lines 


SECTION  V 

OZONE  SPECTROSCOPY  NEAR  5 m 


Ozone  spectra  are  very  complex  with  many  closely  spaced  lines.  In 
the  case  of  overlapping  bands  the  situation  becomes  even  worse.  Because 
of  this,  it  was  decided  early  on  that  we  should  try  for  the  best  possible 
Insolation.  High  resolution  would  help  in  separating  close  lines  and 
in  identifying  predicted  lines  by  increasing  line  position  precision. 

We  therefore  are  using  our  highest  resolution  grating.  Unfortunately 
there  is  no  gas  known  to  us  which  is  well  suited  to  use  in  the  over- 
lapping order  technique  of  line  calibration. 

There  is  however  on  our  spectrometer  a very  precise  grating  angle 
indicator  capable  of  measuring  angle  differences  corresponding  to  less 
than  0.0025  cm"l.  It  was  hoped  that  we  could  calibrate  the  grating 
position  with  well  known  CO  lines  in  the  5 um  region  and  then  use  the 
position  calibration  to  measure  O3  line  positions.  To  do  this  would 
require  unknown  degrees  of  stability  in  the  optical  alignment  as  well 
as  the  pressure  inside  the  spectrometer  and  the  temperature  of  the 
grating. 

We  first  aligned  the  spectrometer  for  resolution  of  better  than 
0.05  cm-1  determined  by  measuring  the  full  width  at  half  maximum  of 
narrow  CO  lines.  We  next  experimented  with  different  collection 
parameters  (slit  widths,  time  constants,  scan  speed,  etc.)  in  order  to 
determine  the  values  giving  the  best  spectra.  After  some  initial  dif- 
ficulties we  collected  a series  of  CO  spectra  to  determine  system 
stability.  It  was  found  to  be  stable  only  over  a matter  of  hours. 
Consequently  we  will  calibrate  the  spectra  with  CO  lines  and  previously 
determined  strong  ozone  lines.  We  have  already  done  this  for  several 
spectra.  A preliminary  comparison  of  our  results  with  those  of  Maki  [1] 
give  agreement  of  t.005  cm* • . 

Figure  36  Is  a portion  of  a preliminary  ozone  spectrum  taken  while 
conditioning  the  cell  to  hold  ozone.  It  was  calibrated  by  using  the 
two  CO  lines  Indicated  on  the  spectrum  which  were  scanned  at  a much 
lower  ozone  concentration  an  hour  before.  This  region  should  be  com- 
pared to  Figure  5 of  the  proposal  for  this  work  which  shows  the  same 
region  as  computed  from  the  AFGL  line  listing  data.  While  our  spectra 
includes  lines  of  the  2v3  band  as  well  as  the  vi+v3  band  shown  in 
Figure  5 of  the  proposal,  a comparison  with  the  data  in  the  paper  by 
Maki  [17]  shows  that  the  line  lying  on  the  2-1  CO  laser  line  was  identi- 
fied by  Maki  as  being  the  P(29,l)  line.  The  line  position  determined 
from  our  spectrum  is  rough  due  to  the  fact  that  we  calibrated  with 
only  two  CO  lines.  Our  value  is  2082.257  cm~l  compared  to  2082.2586  cm-1 
by  Maki , 
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Early  in  April  1977  we  cooled  the  cell  down  for  the  first  time. 

By  simply  laying  blocks  of  dry  ice  inside  the  tub  the  cell  reached 
I -0°C  in  about  3 days.  Tne  heat  leak  was  2.6  watts/°C  which  is  very 

[ close  to  the  expected  value  of  2.2  watts/°C  calculated  bv  6"  of 

I styrofoam.  The  only  major  problem  encountered  during  the  trial  was  a 

failure  of  the  silicone  0-r1ngs  around  the  windows  at  temperatures 
below  -40°C.  We  are  currently  trying  different  seal  types  to  correct 
this  problem. 

We  have  collected  seven  high  resolution  ozone  spectra  at  room 
temperature  which  will  be  compared  with  Maki's  results.  Some  analysis 
of  these  has  already  been  done.  Four  of  these  spectra  were  collected 
while  simultaneously  monitoring  the  ozone  concentration  with  a UV 
spectrometer  and  a low  pressure  Hg  lamp.  These  spectra  can  thus  be 
used  to  determine  line  strengths. 

So  far,  we  have  taken  high  resolution  infrared  spectra  of  the 
vi+v2  band  of  ozone,  with  wavenumbers  between  2104.6  cm-1  and  2064.2 
cm-1  at  room  temperature  and  low  pressure  (less  than  40  Torr).  These 
spectra  can  be  compared  with  Maki's  observed  data  in  order  to  check 
the  resolution  and  precision  of  our  experimental  data  before  we  take 
any  spectra  of  the  2v3  band  of  ozone.  More  than  400  lines  of  ozone 
were  observed  in  this  region,  and  about  18  of  these  lines  were  not 
listed  in  Maki's  paper. 

Table  I lists  our  observed  lines  and  Maki's  between  2086.5  cm  ^ 
and  2081.3  cm-1.  From  the  differences  of  these  two  data  sets  (shown 
in  Table  I)  we  can  see  our  values  for  each  line  position  are  slightly 
higher  than  Maki's.  This  systematic  error  is  because  our  values  for 
the  CO  calibration  lines  taken  from  Rao  et  al  [18]  are  slightly  higher 
than  those  used  by  Maki  as  indicated  in  Maki's  paper.  Most  of  the  dif- 
ferences are  less  than  0.008  cm-1.  Those  lines  whose  differences  are 
higher  than  0.01  cm-1  are  weak  transition  lines.  Our  values  listed  in 
Table  I were  obtained  merely  from  one  of  our  spectra.  We  should  be 
able  to  get  higher  precision  especially  for  those  weak  transition  lines 
later  when  we  measure  several  spectra  at  different  temperature  and 
pressure. 

! 
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Table  I 


Present  Observecl(cm"^ ) 

Maki's  Observecl(cni 

2086.4731 

2086.4717 

2086.4345 

2086.4300 

2086.3234  C0-P(14) 

2086.3219  00-0(14) 

2086.2540 

2086.2491 

2086.1350 

2086.1287 

2086.0578 

2086.0508 

2086.0290 

2086.0237 

2085.8595 

2085.8534 

2085.7748 

2085.7678 

2085.7058 

2085.7066 

2085.6325 

2085.6252 

2085.5146 

2085.5112 

2085.4191 

2085.4141 

2085.3517 

2085.3405 

2085.0912 

2085.0824 

2085.0043 

2084.9970 

2084.9207 

2084.9134 

2084.8480 

2084.8405 

2084.6880 

2084.6806 

2084.6158 

2084.6088 

2084.4857 

2084.4835 

2084.4211 

2084.4135 

2084.3381 

2084.3280 

2084.2102 

2084.2017 

2084.1034 

2084.0977 

2084.0454 

2084.0385 

2083.9093 

2083.9018 

2083.6687 

2083.6594 

2083.5945 

2083.5890 

2083.4525 

2083.4483 

2083.3447 

2083.3346 

2083.2825 

2083.1855 

2083.1260 

2083.1240 

2083.0426 

2083.0357 

2082.8206 

2082.8187 

2082.7162 

2082.7072 

2082.5960 

2082.5891 

2082.4635 

2082.4623 

2082.2584 

2082.2561 

2082.1670 

2082.1631 

2082.0799 

2082.0728 

2082.0037  C0-P(15) 

2082.0033  C0-P(15) 

2081.9183 

2081 .9119 

2081.8718 

2081.8680 

2081.7955 

2081.7908 

2081.7231 

2081.7161 

2081.6036 

2081.6010 

2081.5053 

2081 .4971 

2081.4399 

2081  .nrs 

2081.3664 

2081.3560 

(Present  - ITaki's)  Observed(cni~^ ) 

0.0014 

-0.CC45 

0.0015 

0.0049 

0.0063 

0.0070 

0.0053 

0.0061 

0.0070 

-0.0008 

0.0073 

0.0034 

0.0050 

0.0067 

0.0088 

0.0073 

0.0073 

0.0075 

0.0074 

0.0070 

0.0022 

0.0076 

0.0101 

0.0085 

0.0057 

0.0060 

0.0075 

0.0093 

0.0050 

0.0042 

0.0101 

0.0970 

0.0020 

0.0069 

0.0019 

0.0090 

0.0069 

0.0012 

0.0023 

0.0039 

0.0071 

0.0004 

0.0064 

0.0038 

0.0047 

0.0070 

0.0026 

0.0082 

0.0094 

0.0104 
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SECTION  VI 

MISCELLANEOUS  TOPICS 


A.  Modification  of  Sylvania  CO^  Laser 

The  modification  of  a Sylvania  Model  948  CO2  laser  to  a single 
line,  grating  tunable  laser  has  been  successfully  completed.  The 
original  plan  [19],  which  called  for  the  retro-fitting  of  a grating 
mount  and  associated  optics  on  the  Sylvania  laser  head,  however,  was 
not  successful.  Severe  stability  problems  were  observed  in  this 
operation  of  the  laser  using  the  original  scheme.  The  source  of  this 
difficulty  was  traced  to  a flexing  of  the  aluminum  base  plate  on  which 
the  laser  tube  and  optics  were  mounted.  As  supplied  by  the  manufacturer , 
the  laser  optics  (an  internal  flat  output  mirror  and  external  gold  coated 
spherical  mirror)  are  mounted  on  the  plasma  tube;  hence  problems  associ- 
ated with  the  rigidity  of  the  base  are  minimized.  Our  first  design 
however  required  that  the  spherical  mirror  be  removed  and  re-mounted 
together  with  the  grating  optics  on  the  1/4"  aluminum  base  plate.  This 
situation  permitted  relative  motion  between  the  internal  output  mirror 
on  the  plasma  tube  and  the  other  components  of  the  resonant  cavity 
which  led  to  an  unstable  condition  for  laser  operation. 

To  correct  this  problem  the  laser  table  was  remounted  on  a 3" 
thick  limestone  slab,  12"  wide  and  5'  long.  This  base,  which  is  nearly 
2'  longer  than  the  original,  also  permitted  illumination  of  a plane 
"turning"  mirror  which  was  required  in  the  first  design.  A schematic 
diagram  of  the  revised  laser  optics  is  shown  in  Figure  37.  For  this 
type  of  resonator  the  stability  condition  (not  to  be  confused  with  the 
mechanical  problems  discussed  earlier)  can  be  shown  to  be 


0 < (1  - 2 


) (1  - 2 


< 1 


where  the  distances  L] , are  illustrated  in  the  figure  and  R is  the 
radius  of  curvature  for  the  spherical  mirror.  For  the  present  situation 
we  have  Li  = 1 .1  m,  L2  = .3  m and  R = 3,  hence 

0 < .21  < 1 
is  satisfied. 

An  interesting  aspect  of  this  laser  is  introduced  by  the  presence 
of  the  gallium  arsenide  flat,  which  serves  as  the  output  mirror,  i.e., 
it  is  used  as  an  etaton.  This  means  that  the  output  mirror  is  fre- 
quency selective  and  on  cold  start  will  not  allow  operation  of  many 
strong  laser  lines,  among  which  are  the  P(20)  and  R(20)  lines  in  the 
10  urn  band.  However,  this  etalon  is  temperature  sensitive  so  that 
its  frequency  properties  can  be  altered  by  heating  or  cooling.  When 
this  difficulty  arises  we  have  been  able  to  easily  overcome  the 
problem  by  running  the  laser  on  an  "operable"  line  near  the  desired 
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frequency  to  heat  the  output  mirror  and  this  quickly  readjusting  the 
grating  for  the  desired  laser  line.  Using  this  process  we  have 
obtained  the  following  laser  lines: 

10  urn  band  9 ym  band 

P(12)  - P(36),  R(8)  - R(32)  P(12)-P(20);  R(10)-R(34) 

No  Strong  effort  has  been  made  to  find  all  of  the  operable  lines. 


SPHERICAL 


Figure  37.  Schematic  diagram  of  optics  of  modified  Sylvania  laser. 


The  laser  operates  at  a nominal  power  of  4 watts  on  the  P(20) 
line  of  the  10  ym  band.  Because  of  the  large  power  intensities  within 
the  optical  cavity,  approximately  1000  w/cm2,  we  are  using  an  original 
grating  ruled  with  150  lines/mm  and  blazed  at  8.6  ym.  This  grating 
was  chosen  for  its  relatively  large  angular  dispersion  which  permits 
precise  tuning  of  the  desired  line.  To  assure  maximum  stability  the 
laser  head  has  been  enclosed  in  a 3/8"  thick  plexiglass  box  with  one 
small  covered  opening  that  permits  adjustment  of  the  grating  micrometer. 
Also  the  laser  has  been  connected  to  the  electronic  frequency  stabilizer 
which  we  have  successfully  used  in  several  other  instruments.  Thus 
far,  we  have  found  the  laser  to  be  a dependable  and  stable  radiation 
source.  A picture  of  the  completed  laser  is  shown  in  Figures  38a  and 
38b. 


t 
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B.  CW  HF-DF  Laser  System 

First  operation  of  the  Hinchen-style  [20]  continuous-wave  HF-DF 
laser  was  made  using  an  80"  hroadband  reflective  germanium  output 
mirror  with  a 10-m  radius  of  curvature  and  a fi rst-surtace  plane 
mirror.  Cavity  length  is  29  cm,  with  the  region  of  active  gain  about 
10  cm.  CaF2  windows,  liiounted  at  the  Brewster  angle,  were  used. 

TtMoo  lasing  was  achieved  using  the  following  composition  of 
gases;  as  measured  by  their  partial  pressure  components  within  the 
mixing  region;  SF6=4,5  mbar,  O2-6.5  mbar,  H2-2.5  mbar,  He  (for 
window  purge)  -1.0  mbar.  Discharge  voltage,  with  350  Ki'j  of  ballast 
resistance  on  each  of  the  twelve  electrodes  comprising  the  cathode, 
was  14.2  kv.  Discharge  current,  with  the  gas  composition  listed  above, 
was  98  mA. 

It  was  soon  observed  that  variation  in  the  gas  mixture  caused 
great  changes  in  the  V-I  characteristics  of  the  discharge  although 
the  effect  on  laser  output  was  comparatively  small.  For  this  reason, 
laser  power  output  was  monitored  while  the  component  of  a single  gas 
was  varied  by  small  increments,  with  care  being  taken  to  keep  the 
discharge  current  somewhere  between  95  and  100  mA. 

In  the  process,  it  was  observed  that  if  discharge  current  was 
increased  from  this  value  for  a given  gas  composition,  laser  output 
would  drop  by  a comparable  factor.  Since  the  discharge  would  not 
sustain  itself  below  90  mA  current  with  the  ballast  resistance  used, 
the  value  of  98  mA  was  taken  to  be  a reasonable  point  from  which  to 
attempt  to  optimize  power  output.  Checking  of  a wide  range  of  gas 
mixture  indicated  that  no  small  variation  of  a single  gas  caused  any 
abrupt  change  in  output  characteristics,  and  that  the  relative  com- 
ponents listed  above  were  close  to  an  optimum  mix  for  multiline  lasing. 

The  orientation  of  the  output  mirror  was  observed  to  be  by  far 
the  most  sensitive  operating  parameter  in  maximizing  power  output  and 
the  positioning  of  the  optical  cavity  downstream  from  the  mixing  point, 
previously  thought  to  be  quite  critical,  did  not  turn  out  to  be  so. 
Lasing  was  originally  observed  with  the  optical  settings  very  close 
to  those  arrived  at  by  alignment  with  a He-Ne  laser,  with  the  optical 
cavity  being  about  1.5  mm  downstream  from  the  mixing  point.  At  this 
time  it  was  observed  that  very  slight  adjustments  in  the  elevation 
or  azimuthal  position  of  the  mirror,  or  even  the  pressure  of  a finger 
on  the  mirror  mount,  was  enough  to  either  greatly  increase  the  power 
output  or,  by  the  same  taken,  eliminate  it.  Moving  tne  cavity  up  and 
down  stream  from  this  point  has  a similar  effect,  but  less  pronounced. 
In  the  course  of  varying  the  position  of  the  output  mirror,  laser 
action  was  lost  and  regained  several  times,  at  points  from  1.5  mm 
upstream  to  3 mm  downstream  of  the  mixing  point,  with  comparable 
power  outputs.  Once  a fairly  strong  (>25  mU)  power  output  was 
achieved,  a tendency  was  noticed  for  the  laser  to  "sel f-maximi ze" , 
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where  the  power  would  rise  steadily  for  10  seconds  or  so  in  the  ahseruo 
of  any  manual  adjustment.  The  time  constant  of  the  thermopile  used  to 
measure  power  was  about  2 seconds,  and  so  is  not  itself  an  explanation 
for  this  phenomenon. 

Through  a combination  of  gingerly  tweaking  and  touching  of  the 
output  mirror,  a power  out  of  .33  W,  multiline  was  eventually  realised. 

Power  output,  in  the  absence  of  any  variation  in  operating  conditions, 
was  observed  to  be  quite  stable,  varying  no  more  than  10%  over  30 
minutes  of  operation,  althougn  this  does  not  take  into  account  fluc- 
tuations of  duration  appreciably  smaller  than  the  time  constant  of 
the  thermopile. 

After  several  hours  of  operation,  a light  deposit  of  matter  was  i 

noticed  on  the  rear  window.  This  may  have  resulted  from  impurities  in 

the  He  purge  line,  or  from  sulfur  depositing  from  the  discharge.  The  ' 

deposit  was  a circular  spot  about  in  the  center  of  the  window,  5 mm 

in  diameter  and  was  detected  when  it  became  evident  that  maximum  j 

achievable  power  out  was  lessening  over  the  course  of  time.  Both 

windows  have  since  been  cleaned  and  re-mounted.  ; 

j 

Hinchen's  report  on  the  operating  characteristics  of  this  laser 
system  [20]  quotes  a gain  coefficient  of  .033  cm'l , or  about  30f  per 
pass.  Since  the  output  mirror  is  80%  reflective,  the  possibility  of 
over-coupling  must  be  considered.  Experiments  are  currently  under  way 
to  determine  if  this  condition  exists. 

Single-line  OF  lasing  using  the  Hinchen  style  continuous  wave 
HF-DF  laser  system  has  been  achieved  using  a 98%  reflecting  ZnSe  mirror 
with  a 2m  radius  of  curvature,  and  a 300  line/mm  diffraction  grating 
blazed  at  3 microns.  Lasing  was  observed  on  a total  of  18  lines 
covering  the  3-2,  2-1,  1-0  vibrational  bands.  Operating  conditions 
and  gas  mixtures  were  the  same  as  indicated  in  the  operation  on  multi- 
line HF  with  the  exception  of  substitution  of  deuterium  for  hydrogen. 

The  strongest  lines  observed  were  P5  thru  Pll  on  the  2-1  vibrational 
band.  Positive  identification  of  these  lines  was  made  using  a spec- 
trometer specifically  designed  for  measurement  in  the  OF  spectral 
region  (3. 7-3. 9 urn).  Weaker  lines  too  low  in  intensity  to  be  observed 
on  the  spectrometer  detection  screen  (<;y40  mW)  were  identified  by 
measuring  the  shift  in  micrometer  setting  of  the  grating  between 
observed  transitions  to  derive  a ratio  between  shift  in  setting  and 
shift  in  wavenumber  (a  relationship  which,  due  to  the  grating  mount 

design,  was  known  to  be  nearly  linear)  and  then  extrapolating  the  wave-  ' 

number  of  an  observed  line  and  cross-checking  it  with  tabulated  values 

for  various  vibrational -rotational  transitions.  A table  of  observed  J 

lines  and  relative  strengths  is  given  below:  J 
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Table 


Transitions 

Wavenumber 

Peak  Power  (mW) 

Micrometer  Setting 

1-0 

P(5) 

2792. i-r 

12 

4.541 

1-0 

P(6 

27'J. 

24 

4.683 

1-0 

P 7 

2742.99^ 

36 

4.829 

2-1 

P(4) 

-727.309 

18 

4.920 

1-C 

P(8) 

2717.539 

31 

4.980 

2-1 

P(5) 

2703.999 

40 

5.062 

1-0 

P(9) 

2691 .607 

28 

5.134 

2-1 

P 6) 

2680.179 

59 

5.206 

1-0 

P(10) 

2665.219 

25 

5.292 

2-1 

P(7) 

2655.863 

72 

5.364 

2-1 

P(8) 

2631 .068 

104 

5.507 

2-1 

P(9) 

2605.807 

118 

5.680 

2-1 

P{10) 

2580.097 

92 

5.89j 

3-2 

P(7) 

2570,522 

10 

C.916 

2-1 

P(ll) 

2553.953 

46 

6.027 

3-2 

P(8) 

2546.375 

28 

6.075 

3-2 

P(9) 

2521 .769 

25 

6.244 

3-2 

P(10) 

2496.721 

18 

6.425 

Further  experimentation  will  include  variation  in  gas  mixing  cell 
temperature  to  determine  how  best  to  enhance  power  output  from  the 
various  lines.  Attempts  will  also  be  made  to  improve  laser  stability 
so  that  experiments  to  determine  optimum  coupling  of  the  laser  for 
each  line  may  be  conducted. 

C.  Microcomputer  Data  Link 

An  Lnsai  microcomputer  and  Altair  A/D  converter  have  been  imple- 
mented as  a link  to  the  laboratory  time  sharing  system.  After  initial 
testing  is  completed  this  unit  is  expected  to  replace  the  SDS920  com- 
puter for  data  acquisition  on  the  spectroplione  and  Whiue  cell  experi- 
ments. This  should  reduce  maintenance  cost  and  increase  productivity 
due  to  the  ease  with  which  the  time  sharing  system  can  be  programmed. 

D.  Fourier  Transform  Spectrometer 

A Nicolet  FTS  system  has  now  been  received.  The  optical  re- 
tardation is  20.5  cm.  A dedicated  minicomputer  with  disc  storage 
system  Is  included  as  well  as  complete  software  for  spectral  data 
manipulation.  This  system  will  be  used  in  future  White  cell  measure- 
ments and  will  provide  additional  information  concerning  cell  con- 
ditions during  laser  transmi ttance  measurements . 
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